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Andersen, S. H., Gron, K. and Robson, H. K. (2013) Isotopic evidence of 
environmental, subsistence, and cultural changes across the Mesolithic-Neolithic 
transition at Havnø, a Danish “Køkkenmødding.” Paper presentation at the Socio-
Environmental Dynamics Over The Last 12,000 Years: The Creation Of Landscapes III 
Open Workshop, The Graduate School at Kiel University, Germany. Held from the 
15th–18th April 2013.   
 
Recent excavations at the shell midden at Havnø, Denmark, have yielded extensive 
faunal remains, dating to both the Late Mesolithic Ertebølle culture and the Early 
Neolithic Funnel Beaker cultures. Comprised of wild and domestic terrestrial species, 
fish, birds and human bones, the assemblage is among the largest Early Neolithic 
assemblages from Southern Scandinavia. In this study, fish, human, and mammal 
remains from wild and domestic species were analyzed for their bone collagen stable 
isotopic ratios of carbon and nitrogen to determine the extent, character, and intensity of 
changes across the Mesolithic-Neolithic transition at the site. Results indicate major 
changes in the protein component of the human diet concurrent with the arrival of 
farming, as well as shifts in the environments in which wild species were living. 
Furthermore, similarity is seen in the environments in which domestic cattle and 
contemporary Neolithic wild deer were feeding. Our fish data suggest that eel and 
flatfish have carbon isotope signals consistent with a marine origin, whereas a single 
measurement of roach dating to the Early Neolithic is evident of freshwater residency. 
Ultimately, these data yield important information about the local environment, diets, 
and cultural practices and lend insight into broader environmental changes during this 
period.   
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Robson, H. K., Ritchie, K., Schmölcke, U. and Meadows, J. (2014) A reconsideration of 
the sampling and interpretation of carbon and nitrogen stable isotope values in 
prehistoric fish bone collagen from central and northern Europe. Paper presentation at 
the Coming of Age? Stable isotopes in archaeology International Workshop, The 
Graduate School at Kiel University, Germany. Held from the 6th–8th November 2014. 
 
The comprehensive fish bone assemblages from the Baltic region as well as central and 
northern Europe attest to the importance of fishing to the diets of the last hunter-
gatherer-fisher communities and the earliest farmers at both coastal and inland sites. 
While a large corpus of stable carbon and nitrogen isotope data from human bone 
collagen exists, relatively few isotope studies have been undertaken on fish remains (for 
example Fischer et al. 2007; Robson et al. 2012). Based on the present dataset (n = 232) 
from freshwater, brackish, and marine taxa recovered from 32 Mesolithic and Neolithic 
archaeological sites in the region, we examine issues surrounding sampling, and the 
interpretation of measured values for the future analysis of fish remains. Preserved 
collagen for reliable measurement varied within and between sites, complicating the 
construction of appropriate research strategies. Not surprisingly, δ13C values 
discriminate between fishes occupying habitats with different salinity values. 
Unexpectedly, there was some variation between the freshwater taxa (perch, pike and 
zander), and within one taxon (bream) from the site of Riņņukalns, Latvia. Eel, a 
catadromous species, had δ13C values that ranged from -30.3‰ to -6.9‰, consistent 
with freshwater, brackish and marine residency. The δ15N values had a range of 9.2‰ 
(4.5‰ to 13.7‰) displaying differences between taxa that were expected based on 
trophic hierarchy across carbon pools. Scopthalmidae and Pleuronectidae exhibited 
considerable variation (5.1‰ to 13.5‰). A strong positive correlation between δ15N 
values and estimated total length existed only for the eel from Havnø, Denmark, and the 
pike from Riņņukalns. This paper aims to determine intra-species variations within and 
between populations differing spatially and temporally in order to ascertain 
reproducibility over time; improve our understanding of the palaeoecology of the 
region; clarify habitat use and life history; and question the seasonality of fishing, and 
the location of fisheries. 
Robson, H. K. and Andersen, S. H. (2015) Eel fishing in the Mariager Fjord during the 
late Mesolithic and early Neolithic: new archaeoichthyological data from the kitchen 
middens at Havnø and Thygeslund. Paper presentation at the Socio-Environmental 
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Dynamics Over The Last 12,000 Years: The Creation Of Landscapes III Open 
Workshop, The Graduate School at Kiel University, Germany. Held from the 26th–24th 
March 2015.   
 
Havnø and Thygeslund are two of a number of Danish stratified kitchen middens 
spanning the late Mesolithic (Ertebølle) and the early Neolithic (Funnel Beaker) 
cultures, ca. 5000-3500 cal BC. This paper presents the results of a study conducted on 
the fish remains recovered by hand as well as six column samples that were excavated 
through the midden sequence during the 2011 investigations at Havnø. These results are 
compared with hand collected fish remains recovered from the contemporaneous 
kitchen midden at Thygeslund that is situated <5 km away. The material is quantified 
and estimations of total fish lengths are provided. Interpretation focuses on taphonomy, 
including element size distribution and percentage completeness, relative importance of 
the fish represented, especially the European eel (Anguilla anguilla), significance of 
freshwater taxa, distribution of the fish remains, possible fishing methods employed, 
and season(s) of capture.   
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Robson, H. K. (2015) Holistic Havnø - a multi-disciplinary approach from a Danish 
“Køkkenmødding”. Poster presentation at The Ninth International Conference on the 
Mesolithic in Europe, Serbian Academy of Sciences and Arts, Serbia. Held from the 
14th-18th September 2015.  
 
In 1894 The Second Kitchen Midden Commission of the Danish National Museum 
conducted a small excavation at Havnø, a stratified kitchen midden located in east 
central Jutland, Denmark (Madsen et al. 1900). Renewed excavations, under the 
direction of Søren H. Andersen, totalling more than 170 m2 were undertaken between 
2005 and 2013. During these excavations, extensive cultural material dating from the 
late Mesolithic Ertebølle to the late Neolithic Dagger cultures was recovered.  
 
Since 1894 a number of scientific methods have been developed in order to test 
archaeological questions concerning the subsistence economy, seasonal exploitation 
practices, diet and food consumption and more recently cuisine and culinary practices. 
These include, incremental growth analysis of the common European oyster (Ostrea 
edulis), and the common European cockle (Cerastoderma edule), lipid residue analysis 
of ceramic vessels as well as stable isotopic analysis of human and faunal bone collagen 
- to name but a few. This poster presents PhD research, funded by the Arts and 
Humanities Research Council (AHRC), which combines a number of the 
aforementioned techniques in order to provide a more holistic approach for the kitchen 
midden, and to test how well these techniques can complement one another.  
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Robson, H. K., Andersen, S. H., Laurie, E. M. and Milner, N. (2015) “Plugging the 
gap” – a reconsideration of seasonal exploitation practices during the 
Mesolithic/Neolithic transition in Denmark. Paper presentation at The Ninth 
International Conference on the Mesolithic in Europe, Serbian Academy of Sciences 
and Arts, Serbia. Held from the 14th-18th September 2015.  
 
Havnø is one of a number of Danish stratified kitchen middens spanning the late 
Mesolithic (Ertebølle) and the early Neolithic (Funnel Beaker) cultures, ca. 5000-3500 
cal. B.C. Nine European oyster (Ostrea edulis) shell samples deriving from 10 different 
grid squares were taken from across the midden. In total, 137 oysters were thin 
sectioned in order to ascertain seasonal consumption practices, and to assess changing 
shell size and age, which can be linked to increased human exploitation and/or 
environmental change. The hypothesis that a change in the seasonal exploitation of the 
oyster across the Mesolithic/Neolithic transition at the site was not proven. However, 
when the results were compared with data obtained on oyster shell samples from 15 
other contemporaneous kitchen middens and/or coastal sites, including Bjørnsholm, 
Ertebølle (locus classicus), Eskilsø, Krabbesholm II, Norsminde, Tybrind Vig and 
Visborg to name but a few, the situation is rather complex. The data demonstrates that 
the seasonality of oyster consumption varies from site to site during the late Mesolithic 
and early Neolithic, and that oysters continued to play a role in the diet of the people 
well after the transition to agriculture ca. 3950 cal. B.C.  
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Robson, H. K. and Andersen, S. H. (2015) Eel fishing in the Mariager Fjord during the 
Ertebølle and Funnel Beaker cultures: new archaeoichthyological data from the kitchen 
midden at Thygeslund. Paper presentation at the 18th Meeting of the ICAZ Fish 
Remains Working Group. Sociedade de Geografia de Lisboa (SGL) - Secção de 
Arqueologia, Lisbon. Held from the 28th September – 4th October 2015.  
 
Thygeslund is one of a number of Danish stratified ‘køkkenmødding’ (kitchen middens) 
spanning the late Mesolithic (Ertebølle) and the early Neolithic (Funnel Beaker) 
cultures, and has been dated from approximately 4400 to 3300 cal BC. In total 4 m2 
have been excavated at the kitchen midden during trial trenching that was undertaken in 
2013 and 2014.  
 
This paper presents the results of a study conducted on the fish remains recovered by 
hand as well as through the on site dry screening of materials (4.0, 2.0 and 1.0 mm 
mesh) that were excavated through the midden sequence. The results are compared with 
contemporaneous kitchen middens in the fjord, including Havnø to the east-northeast 
and Visborg to north-northeast. All three kitchen middens are located < 5 km from one 
another, and the species spectra for the three sites comprised of marine and to a lesser 
extent freshwater fish, the majority of which migrate between the two.  
 
The material is quantified and estimation of total fish lengths are provided. 
Interpretation focuses on taphonomy, including element size distribution and percentage 
completeness, relative importance of the fish represented, especially the European eel 
(Anguilla anguilla), significance of the three-spined stickleback (Gasterosteus 
aculeatus) and the greater weever (Trachinus draco), presence of freshwater taxa, 
possible fishing methods employed, and season(s) of capture. 
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Site Location 
Epoch 
Reference 
EBK EBK-TRB TRB 
Aldersro Inland     X Richards and Koch 2001; Richards et al. 2003a 
Aldersro X621 Inland     X Fischer et al. 2007 
Aldersro X622 Inland     X Fischer et al. 2007 
Bjørnsholm Coastal   X X 
Fischer et al. 2007; Persson 
1999; Rasmussen et al. 
2009 
Bodal K Inland X   X Fischer 2003; Fischer et al. 2007 
Bodal K Inland     X Fischer et al. 2007 
Bodal Mose, Store 
Åmose Inland     X 
Fischer et al. 2007; Koch 
1998; Richards and Koch 
2001 
Boelkilde Inland     X Fischer et al. 2007 
Bøgebakken Coastal X     Albrethsen and Petersen 1976; Tauber 1981 
Dragsholm Coastal X   X Price et al. 2007; Tauber 1981 
Dyrholm Coastal X     Fischer et al. 2007 
Ertebølle Coastal X     Fischer et al. 2007; Tauber 1973 
Ferle Enge Inland     X Fischer et al. 2007 
Flynderhage Coastal     X Copenhagen laboratory files 
Føllenslev Inland     X Fischer et al. 2007 
Hallebygård Inland     X Fischer et al. 2007 
Henriksholm Coastal X     Rasmussen et al. 2009 
Hesselbjerggårds Mose Inland     X Fischer et al. 2007 
Holmegård Coastal X     Gillespie et al. 1984; Andersen et al. 1986 
Hulbjerg Inland     X Fischer et al. 2007 
Jorløse Mose Inland     X Fischer et al. 2007 
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Site Location 
Epoch 
Reference 
EBK EBK-TRB TRB 
Kainsbakke Coastal     X Noe-Nygaard 1988 
Kassemose Coastal     X Fischer et al. 2007 
Korsør Glasværk Coastal X     Fischer et al. 2007 
Kassemose, 1908 Coastal   X   Noe-Nygaard 1988 
Klokkehøj Inland     X Fischer et al. 2007; Tauber 1981a 
Korsør Nor, 
inhumation Coastal X     Fischer et al. 2007 
Lohals Coastal     X Tauber 1981 
Maglemosegårds 
Vænge Coastal X     Noe-Nygaard 1988 
Melby Coastal X     Fischer et al. 2007; Tauber 1981a 
Møllegabet Coastal X     Fischer et al. 2007; Rasmussen et al. 2009 
Nissehøj Inland     X Fischer et al. 2007 
Nivågård  Coastal X     Jensen 2001 
Norsminde  Coastal X     
Andersen 1989, 1991; 
Fischer et al. 2007; 
Rasmussen et al. 2009 
Øgårde boat III Inland     X Fischer et al. 2007 
Østrup homo II Inland     X Fischer et al. 2007 
Østrup Mose, Store 
Åmose Inland     X 
Fischer et al. 2007; Koch 
1998; Richards and Koch 
2001 
Pandebjerg Coastal     X Fischer et al. 2007 
Porsmose Inland     X Fischer et al. 2007 
Rødhals  Coastal     X Fischer et al. 2007 
Rønbjerg Coastal X     Heinemeier et al. 1993 
Segerø Coastal     X Copenhagen laboratory files 
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Site Location 
Epoch 
Reference 
EBK EBK-TRB TRB 
Sigersdal A Inland     X Fischer et al. 2007 
Sigersdal B Inland     X Fischer et al. 2007 
Tagmosegård Inland     X Fischer et al. 2007 
Tingbjerggård Vest Inland   X   Fischer et al. 2007 
Trudstrupgård 2 Inland     X Fischer et al. 2007 
Tybrind Vig Coastal X     Andersen 1985; Richards et al. 2003a; Tauber 1983 
Ulkestrup Lyng U Inland     X Fischer et al. 2007 
Undløse (Vængegård) 
Store Åmose Inland     X 
Fischer et al. 2007; Koch 
1998; Richards and Koch 
2001 
Vængesø I Coastal X     Fischer et al. 2007 
Vængesø II Coastal X X   Andersen et al. 1986; Fischer et al. 2007 
Vedbæk Bøgebakken Coastal X     
Fischer et al. 2007; 
Richards et al. 2003a; 
Tauber 1983 
Veksø Mose Inland     X Fischer et al. 2007 
Table of late Mesolithic and early Neolithic sites previously sampled from Denmark. 
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ex no. Skeletal element/ ontogenetic age c g. s. q coord. Level Plan 
ABFU 
Patella sin., adult 
(?) 
 
No 104/ 101 NE  171  
AJEQ* 
Cervical vertebrae 
1 and 2, 
adolescent/adult 
No 105/ 102  07/81 179 AJDC 
LBC-I 
Fibula dxt., adult 
(?) 
 
No 98/98     
LDU-a 
Fibula dxt., adult 
(?) 
 
No 98/98     
LDY-2 Cranium, juvenile  No 
99/ 
100 SE  147-158  
NSV Fibula sin., adult  No 
100/ 
98 NW  167  
NYA Ulna dxt., adult  No 99/99     
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ex no. 
Skeletal element 
and ontogenetic 
age 
c g. s. q coord. Level Plan 
OHA 
Metatarsal 2 sin., 
adult 
 
No 100/ 99  45/49 158  
OHL-3 
Metatarsal 2 sin., 
adult 
 
No 99/99     
OTD Ulna dxt., adult  No 
101/ 
98 NE  172  
QEK Fibula sin., adult No 100/ 98 NV    
QQB Cranium parietal, juvenile No 
111/ 
103 NE  177 QPT 
THE Metatarsal 1 dxt., adult Yes 97/98    TFT 
UBQ-a Metacarpal 3 dxt., adult Yes 98/98     
  
14 
ex no. 
Skeletal element 
and ontogenetic 
age 
c g. s. q coord. Level Plan 
UBQ-b 
Phalanx 1 
proximal dxt., 
adult 
Yes 98/98     
UDE 
Phalanx 1 
proximal dxt., 
adult 
Yes 98/98    UCL 
VNV Cranium parietal, orbit, juvenile No 
111/ 
103     
XGX Cranium, occipital (?) No 
115/ 
103     
XPG! Cranium parietal, juvenile 
 
No 109/ 103  71/72 180 PUT 
YNW* Mandibular tooth sockets, adult No 
104/ 
102  95/78 179 YLN 
Table to show the human remains sampled for carbon and nitrogen stable isotope analyses from the 
kitchen midden at Havnø. Note that the table is sorted by excavation number alphabetically (after 
Hellewell 2012a). *Denotes human remains confidently identified as such in this study. Key: excavation 
number, ex. no., complete?, c, grid square, g. s., quadrant, q, coordinates, coord. 
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Human remains 
A total of nine skull fragments were identified in the human bone assemblage, five of 
which were selected for carbon and nitrogen stable isotope analysis. Samples QQB 
(number of fragments (NF) = 5), VNV (NF = 12), and XPG (NF = 23), see Figure 1 for 
an example, were securely identified as portions of the parietal bone deriving from a 
juvenile calvaria (Hellewell 2012a). In addition, sample VNV also included an 
incomplete supraorbital margin. Comparison was made with an individual of known age 
in The University of York teaching collection by Hellewell (2012a). The analysis 
indicated that the archaeological material were similar in size to an individual between 
four and six years of age.  
 
 
Figure 1: Photograph of sample XPG showing all 23 fragments of juvenile calvaria. 
 
On the other hand, samples LDY-2 and XGX were identified as small fragments of a 
juvenile cranium (Figure 2). Since they measured approximately 3 cm2 it was not 
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possible to attribute them to the specific portion of the skull. Although it is likely that 
all parietal bones derived from the same individual (Hellewell 2012a), the possibility 
exists that they may represent more than one individual at the site. They were found in 
the following grid squares: 111/103 (QQB and VNV), 109/103 (XPG), 99/100 (LDY-
2), and 115/103 (XGX), an area north and therefore behind the midden proper. 
 
 
Figure 2: Photograph of samples LDY-2 and XGX representing the two small juvenile cranium 
fragments. 
 
The remaining skull fragments in the human bone assemblage belonged to an adult 
individual (Hellewell 2012a), and included YNW-a that was identified as the mental 
eminence of a mandible which included 11 teeth, YNW-b a right maxillary 1st incisor, 
and ATB a mandibular 3rd molar. The 11 teeth were identified as the following: right 
and left 1st and 2nd incisors, right and left canines, right and left 1st and 2nd premolars, 
and a left 1st molar. Collectively the teeth exhibited some wear, although there was little 
wear on the premolars that led Hellewell (2012a) to conclude that the specimen derived 
from an adult individual. In addition, there was an absence of calculus and caries 
present on the teeth, and they were misaligned which is probably the result of 
conservation by adhesive. Some dental enamel hypoplasia in the form of groove and 
pits was identified indicating that the individual was subjected to a period of dietary 
stress up to the age of seven (Goodman et al. 1980).  
 
Since the specimen had been preserved by adhesive it was decided not to sample a 
proportion of the mandible given the potential for contamination. Therefore all three 
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loose fragments confidently identified as mandibular tooth sockets deriving from the 
aforementioned adult mandible were selected for carbon and nitrogen stable isotope 
analysis (Figure 3). 
 
 
Figure 3: Photograph of sample YNW showing the three mandibular tooth fragments (scale 3 cm). 
 
Since specimen AJEQ was recovered in 2012 it has not been previously analysed, as 
such it represents an addition to the abovementioned nine-skull fragments analysed by 
Hellewell (2012a). AJEQ belonged to an adolescent/adult individual, and included 26 
fragments of the 1st and 2nd cervical vertebrae (Figure 4), two fragments of the same 1st 
cervical vertebra that were refitted (Figure 5), as well as a mandible that included five 
teeth (Figure 6). The five teeth were identified as the following: right 1st molar, as well 
as the right and left 2nd and 3rd molars.  
 
While it was possible to refit two fragments of the 1st cervical vertebra, only the right 
side of the element is present, including a proportion of the pedicle, the majority of the 
articular facet and a proportion of the lamina. Together they represent between 25% and 
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50% of the original element (Gron et al. in print). There was no evidence of pathology 
on the specimen.  
 
 
Figure 4: Photograph showing the 26 fragments of the 1st and 2nd cervical vertebrae (scale 3 cm). 
 
 
Figure 5: Superior photograph of the refitted right side of the 1st cervical vertebra (scale 3 cm). 
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Although the right and left rami of the mandible were present, they could not be refitted 
together. However since numerous fragments of both had been refitted and conserved 
by adhesive, collectively they represent between 75% and 100% of the original element 
(Gron et al. in print). While the vast majority of the right side of the mandible was 
absent, including the mylohyoid line, submandibular fossa and subligual fossa, the 
majority of the left side was present, from the tooth socket of the 1st molar/mental 
foramen to the condylar neck.  
 
 
Figure 6: Posterior photograph of the mandible (scale 10 cm). 
 
In comparison with specimen YNW the teeth exhibited some wear, especially the right 
1st molar, which indicates that the remains derived from an adolescent/adult individual. 
Likewise, there was a notable absence of calculus and caries present on the teeth 
although some dental enamel hypoplasia in the form of groove and pits was identified 
that is similar to specimen YNW.  
 
Given that all specimens were recovered from grid square 105/102, and the direct 
association of both rami, with the right side laying under the left, it is more than likely 
that all of the identified human remains derived from the same individual. In addition, 
since mandibles are often found in direct association with cervical vertebrae (Malin 
Holst personal communication 2014), and the recovery of the mental eminence from the 
adjacent square 104/102, both YNW and AJEQ are likely to be a part of the same 
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individual. This analysis increases the number of identified specimens in the human 
bone assemblage to 54.  
 
Finally since the specimen had been preserved by adhesive it was decided not to sample 
a proportion of the mandible given the possibility for contamination, therefore a number 
of the loose fragments deriving from the 1st and 2nd cervical vertebrae were selected for 
carbon and nitrogen stable isotope analysis.  
 
Samples NYA and OTD (Figure 7) are two fragments of the same adult ulna. Although 
both specimens are incomplete, they derived from two diagonally adjacent squares over 
1 m apart: 99/99 and 101/98. During the osteological analysis by Hellewell (2012a) they 
were refitted to form the proximal, medial and distal shaft of a right ulna, although the 
distal epiphysis and proximal epiphysis are either completely missing or incomplete. 
Since the majority of the epiphyseal ridge was missing, it was not possible to determine 
the presence of degenerative joint disease despite osteophyte formation in the trochlear 
notch (Hellewell 2012a). A sample from both NYA and OTD were selected for carbon 
and nitrogen stable isotope analyses. 
 
 
Figure 7: Photograph of sample NYA representing an incomplete right ulna. 
 
Specimen ABFU is an incomplete fragment of an adult patella that precluded siding due 
to the absence of the apex. It was recovered from grid square 104/101. Since it was 
found in isolation, in a discrete area away from the midden proper, and the majority of 
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the human remains, the possibility exists that it may have belonged to a different adult 
individual at the kitchen midden.  
Samples NSV and QEK are two fragments of the same left fibula. They both derived 
from the same grid square, 98/98, and were refitted with a high degree of certainty 
during the osteological assessment. Despite lacking the majority of the proximal 
epiphysis, they comprise the proximal (NSV) and medial (QEK) parts of the fibula. 
Since fusion of the remainder of the proximal epiphysis was identified (Hellewell 
2012a), they belonged to an adult individual. 
 
Samples LBC-1 and LDU-a are two proportions of the same right fibula. They were 
both recovered from the same grid square, 98/98, and were likewise refitted with a high 
degree of certainty. They both derived from the medial shaft of a fibula belonging to an 
adult individual. Due to the position of the nutrient foramen on the LBC-1 specimen, 
siding was possible. Interestingly some woven grey bone was identified on the anterior 
surface of LBC-1 (Hellewell 2012a), indicating active inflammation at the time of death 
that may be the result of trauma or infection (White and Folkens 2005).    
 
It is feasible that the right and left fibulae belonged to the same adult individual given 
their size, and the presence of very similar side/side antimers (Meiklejohn et al. 2005). 
Nonetheless given the spatial distribution, they could represent two individuals 
(Hellewell 2012a). 
 
Multiple extremities were identified in the human bone assemblage, including 15 from 
the hand and foot respectively (Figure 8). Since they were found in close proximity to 
one another, the possibility exists that they belonged to only the one adult individual 
(Hellewell 2012a). However, due to the presence of degenerative joint disease in some 
of the skeletal elements, particularly the feet, there is a possibility that they derived 
from more than one individual. Since degenerative joint disease can often be site-
specific (Haskin et al. 1995), in her osteological analysis Hellewell (2012a) determined 
a MNI of one individual. As there were no repeated elements they have been sub-
sampled for stable isotopic ratio analyses. 
 
Sample UBQ-a, a third metacarpal derived from a right hand. It was complete and was 
recovered from grid square 98/98. Despite a low certainty refitting (Meiklejohn et al. 
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2005) with specimen PCE-b, which has been identified as a complete proximal phalanx, 
it is suggested that both elements represent the third ray of the right hand (Hellewell 
2012a).  
 
 
Figure 8: Diagram of extremities arranged during refitting including their find numbers. The samples 
selected for carbon and nitrogen stable isotope analysis are highlighted in red. Note that the diagram 
also includes the specimens ASC and EGC that are held in the Copenhagen Zoological Museum (after 
Hellewell 2012a). 
 
Sample UBQ-b on the other hand has been confidently identified as an incomplete 
proximal phalanx. The specimen was also recovered from grid square 98/98, and 
belonged to the first ray of the right hand. Since samples UBQ-a and UBQ-b were 
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found in the same grid square, and in direct association with the main concentration of 
human remains, it is possible that they derived from the same right hand despite the fact 
that they represent different digits. 
 
Sample UDE is that of a complete proximal first phalanx deriving from the right foot, 
and belonged to an adult individual. Likewise, it was recovered from grid square 98/98.  
 
Sample THE represents a complete right metatarsal, likewise it derived from a right 
foot. Despite being found in an adjacent grid square to specimen UDE, 97/98, a low 
certainty refitting (Meiklejohn et al. 2005) could only be established based on the 
anatomical articulation during the osteological assessment (Hellewell 2012a). Since 
both skeletal elements exhibited signs of degenerative joint disease in the form of 
porosity on the head and bases, as well as osteophyte formation, it is possible that their 
presence could indicate a third individual of older age. However, it is perhaps worth 
reiterating that degenerative joint disease can affect different parts of the skeleton 
asymmetrically due to differential stresses (Bridges 1991; Haskin et al. 1995).  
 
Samples OHA and OHL-3 are two halves of the same left second metatarsal. They were 
refitted with a high degree of certainty as adjoining broken fragments, and belonged to 
an adult individual (Hellewell 2012a). They derived from two adjacent grid squares 
100/99 and 99/99. 
 
Fish remains 
Of the 15 eel bone samples, 12 have been published elsewhere (Robson et al. 2012). 
Indeed the sampling strategy for the eel remains reported by Robson (2010) was based 
on their spatial distribution within the kitchen midden as well as the size of the skeletal 
elements in order to reduce multiple sampling of the same individual. The data showed 
that the eel recovered from the site are likely to have resided, and thus subsequently 
caught, in marine and/or brackish carbon pools (Robson et al. 2012). For the present 
study an additional three eel bone samples were selected for carbon and nitrogen stable 
isotope analysis.  
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Sample HAV5.1 was recovered from the NW quadrant of grid square 92/100. It has 
been confidently identified as a right eel cleithrum with an estimated TL of 75 cm 
(Figure 9). It derived from a depth of between 180/188 that has been dated by seriation 
to the EBK. 
 
 
Figure 9: Photograph of sample HAV5.1 representing a right cleithrum from eel. 
 
Sample HAV103/105 comprised of 15 skeletal elements which were recovered from the 
SE quadrant of grid square 103/105. Given their small size, and the fact that they were 
recovered from a depth of 177 that has been dated by seriation to the EBK, it is 
extremely likely that they are derived from the one eel with a TL of approximately 41 to 
68 cm, although this cannot be stated unequivocally. The skeletal elements included: 
caudal vertebrae (n = 5), thoracic vertebrae (n = 5), unknown vertebra (n = 1), right and 
left ceratohyals (n = 2), premaxilla (n = 1), and vomer (n = 1). 
 
Sample ACAA7.3-7.12 comprised of ten vertebrae (caudal vertebrae, n = 7; thoracic 
vertebrae, n = 3) that were recovered from the SE quadrant of grid square 101/95 
(Figure 10). Given their small size, and the fact that these remains were recovered from 
an arbitrary 19 cm spit (Level VII) of column sample ACAA, it is extremely likely that 
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they are derived from the one eel with a TL of approximately 35 to 53 cm, although this 
cannot be stated unequivocally.  
 
 
Figure 10: Photograph of sample ACAA7.3-7.12 representing 10 eel vertebrae. 
 
The freshwater environment was represented by two taxa including one species from 
the Cyprinidae family: unidentified Cyprinidae and roach (Rutilus rutilus). They were 
chosen to complement the diadromous and marine taxa in the dataset, and because they 
are assumed to be lower trophic level feeders. Samples AFDC.108 and YLQ.9 could not 
be further identified to the lower genus and species taxonomic levels, and as such are 
referred to as unidentified Cyprinidae. Since the Havnø island is too small to have held 
any waterways, coupled with the absence of freshwater systems in its immediate 
vicinity, it is likely that either the fish penetrated into the brackish fjord or were 
specifically taken to the kitchen midden (Chapter 6). 
 
Sample AFDC.108 was confidently identified as the medial portion of a left pharyngeal 
deriving from an individual with a TL of approximately 15 to 25 cm. It was recovered 
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from the SE quadrant of grid square 93/99. Sample YLQ.9 was confidently identified as 
the proximal portion of a right pharyngeal deriving from an individual with a TL <35 
cm. It was recovered from the SW quadrant of grid square 104/102. 
 
Sample 101/105.2 was confidently identified as an incomplete left pharyngeal deriving 
from a roach with a TL of approximately 30 to 40 cm (Figure 11). It was recovered 
from grid square 101/105, and has been dated by seriation to the TRB. 
 
 
Figure 11: Photograph of sample 101/105.2 representing an incomplete left roach pharyngeal. Note the 
four loose pharyngeal teeth present that were found in direct association and the same closed 
stratigraphical context. 
 
One anadromous fish was present in the sample set, which included unidentified 
Salmonidae. Sample 93/99SW.68 has been confidently identified as an incomplete left 
ceratohyal deriving from an individual with a TL of approximately 10 to 20 cm. It was 
recovered from the SW quadrant of grid square 93/99 from a depth of between 161/178. 
  
27 
One stenohaline taxon including one species from the Scombridae family is present: 
mackerel (Scomber scombrus). Sample YWT1-3 encompassed three confidently 
identified caudal vertebrae. Since all three of the specimens were crushed and/or 
incomplete it was not possible to estimate the TL. However, all three remains were 
recovered from a depth of 172 from the SW quadrant of grid square 101/107, and thus it 
is extremely likely that they are derived from the one individual, although this cannot be 
stated unequivocally. They were collated for collagen extraction.  
 
The Scophthalmidae and Pleuronectidae families represent four euryhaline taxa: 
unidentified Scophthalmidae/Pleuronectidae, unidentified Pleuronectidae, 
Pleuronectidae, cf. plaice (Pleuronectes platessa) and Pleuronectidae, cf. flounder 
(Platichthys flesus). Samples AEMX.2, AEMX.4, YMX.1, YLR.1, YLR.11-14 and 
93/99SW.7 could not be identified to the lower genus and species taxonomic levels, and 
as such are referred to as either unidentified Scophthalmidae/Pleuronectidae and 
unidentified Pleuronectidae. 
 
Samples AEMX.2 and AEMX.4 were recovered from the NE quadrant of grid square 
101/105. They have been confidently identified as a right cleithrum and a left 
preopercular deriving from two different Scophthalmidae/Pleuronectidae individuals 
with estimated total lengths of <25 cm, and approximately 30 to 40 cm respectively. 
Sample YMX.1 was recovered from the NE quadrant of grid square 101/109 and has 
been confidently identified as a left cleithrum from a Scophthalmidae/Pleuronectidae 
specimen with a TL of approximately 25 to 35 cm. 
 
Samples YLR.1 and YLR.11-14 were recovered from the SE quadrant of grid square 
104/102. YLR.1 has been confidently identified as a Pleuronectidae caudal vertebra 
belonging to an individual with a TL of approximately 20 to 30 cm. Sample YLR.11-14 
was confidently identified as deriving from a Pleuronectidae individual with a TL of 
approximately 25 to 35 cm. A total of four skeletal elements were collated for collagen 
extraction. They included: caudal vertebrae (n = 3) and an unknown vertebra (n = 1). 
Given their size it is extremely likely that they are derived from the one individual, 
although this cannot be stated unequivocally. Sample 93/99SW.7 was recovered from 
the SW quadrant of grid square 93/99. It was confidently identified as a left cleithrum 
from a Pleuronectidae individual with a TL >30 cm. 
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Sample AFBE.37 was recovered from the SW quadrant of grid square of 101/105. It 
was confidently identified as a caudal vertebra (Figure 12) deriving from a 
Pleuronectidae, cf. plaice with a TL of approximately 25 to 35 cm. Sample ACAA7.1-
7.2 comprised of two incomplete abdominal vertebrae which lacked their haemal spines. 
They were confidently identified as deriving from Pleuronectidae, cf. flounder. Given 
their size, and the fact that these skeletal elements derived from the same arbitrary 19 
cm spit as sample ACAA7.3-7.12, it is extremely likely that they derived from the one 
flounder, although this cannot be stated unequivocally. They were recovered from the 
SE quadrant of grid square of 101/95. Sample AEMW1-4 comprised of four caudal 
vertebrae that were confidently identified as deriving from Pleuronectidae, cf. flounder. 
They were recovered from the SW quadrant of grid square 101/104 from a depth 
between 164-183. Likewise given their direct association with one another, they 
probably derived from the same individual. 
 
Figure 12: Photograph of sample AFBE.37 representing 
a caudal vertebra deriving from a Pleuronectidae, cf. 
plaice with a TL of approximately 25 to 35 cm (scale 3 
cm).   
 
 
 
 
 
 
Sample HAV101/105 was recovered from the SE quadrant of grid square 101/105 from 
a depth between 164-184. A total of three skeletal elements confidently identified as 
deriving from a Pleuronectidae, cf. flounder were collated for collagen extraction. They 
included caudal vertebrae (n = 2) and a thoracic vertebra (n = 1) belonging to an 
individual with a TL approximately 20 to 30 cm. Sample 93/99SW.6 was recovered 
from the SW quadrant of grid square 93/99. It was confidently identified as a right 
hyomandibular belonging to a Pleuronectidae, cf. flounder with a TL >30 cm. Lastly, 
sample 101/105NE.1 was recovered from the NE quadrant of grid square 101/105. It 
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was confidently identified as an os anale belonging to a Pleuronectidae, cf. flounder. 
Although it was incomplete it is likely that it derived from an individual of 
approximately 20 to 30 cm in TL.  
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lab. no. Taxa, skeletal element and TL g. s. q. Coord. Level Plan 
ACAA7.1-7.2 Pleuronectidae, cf. flounder abdominal vertebrae, n = 2 101/95 SE  
195-199/ 
200-206  
ACAA7.3-
7.12 
Eel caudal vertebrae, n = 7; 
thoracic vertebrae, n = 3  
(~35-53) 
101/95 SE  195-199/ 200-206  
101/105.2 Roach pharangeal, sin. (~30-40 cm) 101/105 n.d.    
AEMW1-4 Pleuronectidae, cf. flounder caudal vertebrae, n = 4 101/104 SW  164/183 AEMU 
AEMX.4 
Scophthalmidae/Pleuronectidae 
preopercular, sin.  
(~30-40 cm) 
101/105 NE  164/184 AEMU 
AEMX.2 Scophthalmidae/Pleuronectidae cleithrum, dex. (<25 cm) 101/105 NE  164/184 AEMU 
HAV101/105 
Pleuronectidae, cf. flounder caudal 
vertebrae, n = 2; thoracic vertebra, 
n = 1 (~20-30 cm) 
101/105 SE  164/184 AEMU 
YWT1-3 Mackerel caudal vertebrae, n = 3 101/107 SW 20/48 172 YWT 
HAV103/105 
Eel caudal vertebrae, n = 5; 
thoracic vertebrae, n = 5; 
unknown vertebra, n = 1; 
ceratohyals, pair, n = 2; 
premaxilla, n = 1; vomer, n = 1 
(~41-68 cm) 
103/105 SE  177 AERA 
AFBE.37 Pleuronectidae, cf. plaice caudal vertebra (~25-35 cm) 101/105 SW  153/165 AFBM 
93/99 SW.6 Pleuronectidae, cf. flounder hyomandibular, dex. (>30 cm) 93/99 SW  157/167 AFCL 
93/99 SW.7 Pleuronectidae cleithrum, sin. (>30 cm) 93/99 SW  157/167 AFCL 
93/99 SW.68 Salmonidae ceratohyal, sin. (~10-20 cm) 93/99 SW  167/178 AFCO 
AFDC.108 Cyprinidae pharyngeal, sin. (~15-25 cm) 93/99 SE  145/156 AFDX 
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lab. no. Taxa, skeletal element and TL g. s. q. Coord. Level Plan 
101/105 NE.1 Pleuronectidae, cf. flounder os anale (~20-30 cm) 101/105 NE  170 AEMU 
HAV1.2 Eel caudal vertebra (~38 cm) 92/100 NW  173/180 HLT 
HAV1.4 Eel caudal vertebra (~40 cm) 92/100 NW  173/180 HLT 
HAV2.1 Eel caudal vertebra (~50 cm) 92/100 NE  173/180 HLT 
HAV2.2 Eel caudal vertebra (~49 cm) 92/100 NE  173/180 HLT 
HAV4.1 Eel caudal vertebra (~70 cm) 89/100 SE  184/204 HNM 
HAV4.2 Eel caudal vertebra (~45 cm) 89/100 SE  184/204 HNM 
HAV5.1 Eel cleithrum, dex. (75 cm) 92/100 NW  180/188  
HAV5.14 Eel caudal vertebra (~72 cm) 92/100 NW  180/188  
HAV5.16 Eel caudal vertebra (~63 cm) 92/100 NW  180/188  
HAV6.4 Eel thoracic vertebra (~60 cm) 89/100 NW  175/194 HNM 
HAV6.7 Eel caudal vertebra (~53 cm) 89/100 NW  175/194 HNM 
HAV3.1 Eel thoracic vertebra (~57 cm) 92/100 NE  208/217 HZH 
HAV3.2 Eel thoracic vertebra (~50 cm) 92/100 NE  208/217 HZH 
YLQ.9 Cyprinidae pharyngeal, dex. (<35 cm) 104/102 SW 1/4 m2   
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lab. no. Taxa, skeletal element and TL g. s. q. Coord. Level Plan 
YLR.1 Pleuronectidae caudal vertebra (~20-30 cm) 104/102 SE 1/4 m2   
YLR.11-14 
Pleuronectidae caudal vertebrae, n 
= 3; unknown vertebra, n = 1; 
(~25-35 cm) 
104/102 SE 1/4 m2   
YMX.1 
Scophthalmidae/Pleuronectidae 
cleithrum, sin.  
(~25-35 cm) 
101/109 NE   YWP 
Table to show the fish remains sampled for carbon and nitrogen stable isotope analyses from the kitchen 
midden at Havnø. Note that the table is sorted by excavation number alphabetically. *Denotes samples 
that were reported by Robson (2010). Key: laboratory number, lab. no., grid square, g. s., quadrant, q, 
coordinates, coord. 
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Mammal remains 
The sorting, identification and analysis of the excavated faunal remains was undertaken 
between 2010 and 2011 in Denmark by Gron (2013a). The material analysed was 
recovered from 2005 through 2011. Subsequent analyses were then performed by Gron 
(2013a) including carbon and nitrogen stable isotope analyses and AMS radiocarbon 
dating. While the data have not yet been fully published, they have been made courtesy 
of the author. In general, the Havnø faunal assemblage, although very well preserved is 
highly fragmented. In total, 28,776 amphibian, avian, mammalian, and unidentifiable 
bones were analysed yielding 16 species of mammal, including up to four domesticated 
species, which comprise at least 14.8% of the faunal assemblage in terms of the number 
of identified specimens. Furthermore there are 23 species of birds (Gron 2013a; Gron et 
al. in print), and at least 33 species of fish (Chapter 6).  
 
Briefly, they were selected in order to determine the extent, character, and intensity of 
faunal dietary changes across the Mesolithic-Neolithic transition at the site. Secondly, to 
provide baseline data for the types of environments in which the wild species were 
feeding, and to determine if there are any changes between the Mesolithic and the 
Neolithic. And lastly, to determine the types of environments in which the early 
domesticated species were feeding (Gron 2013a). However, the stable carbon and 
nitrogen isotope analyses of the human remains performed in this study necessitates the 
inclusion of the faunal material in order to establish the isotopic data associated with 
pure terrestrial and marine diets at the one location, thus providing a framework for 
assessing the human diet.  
 
Given the issues with determining the relative age of the analysed material, 
unfortunately some of the specimens are of undetermined age. However, based on the 
available AMS radiocarbon dates for the site they either derived from the Mesolithic or 
Neolithic periods (Chapter 4). Briefly, two dogs, two red deer, three roe deer and the 
Phocidae specimens are attributed to the EBK. The aurochs, seven cattle, one dog, the 
one ovicaprid, six red deer, one roe deer and all eight swine have been dated to the 
TRB. While one each of the following remain undetermined, cow, dog, grey seal and 
roe deer (Gron 2013a).  
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ex. no. lab. no. Taxa 
Anatomical part 
and ontogenetic 
age 
g. s. Quad. Coord. Level Plan 
ADEX 284458 Red deer Humerus, dex., adult 
116/ 
101 44/28  207  
ADFC-2 284476 Swine Ulna, dex., juvenile 
116/ 
101 70/58  209 
ADE
C 
ADFT 284481 Swine Radius, dex., adult 116/ 101 54/32  269  
ADGK UBA-20175 
Goat/shee
p Tibia, sin., adult 
116/ 
101 60/16  214  
AGEA 284460 Red deer Radius, dex., adult 101/ 108 45/88  161  
AGEG 284471 Red deer Radius, dex., adult 101/ 108 51/60  165  
AJV 284469 Auroch 1st Phalanx, sin., adult 
102/ 
96 28/28  149  
AMV UBA-20178 Phocidae Radius, dex., adult 
102/ 
96 72/85 NV 157 HX 
ANJ 284482 Cow Tibia, sin., adult 102/ 95 42/96  155 HX 
ANM UBA-20179 Dog Tibia, sin., adult 
102/ 
95 17/70 SV 154 HX 
ANU 284486 cf. Cow Tibia, dex., adult 102/ 95 36/63  155  
EOB-6 284485 cf. Cow Tibia, sin., adult 102/ 94 20/65  177  
HPA-1 268287 Roe deer Calcaneus, sin., adult 
90/ 
100 80/05  200  
HSU 284455 Roe deer Metacarpal, dex., adult 
93/ 
100 08/89  187  
HWT 284474 Red deer 
Metatarsal, 
indeterminate side, 
adult 
89/ 
100 49/56  236  
JFW UBA-20177 cf. Cow Femur, dex., adult 
102/ 
94 97/33  201  
JH 284484 cf. Cow Tibia, sin., adult 104/ 100 60/23  164  
JRK 284457 Roe deer Metatarsal, dex., adult 
99/ 
101 66/35  173  
LDN-1 284472 Red deer Humerus, dex., adult 98/98 90/70  172  
MBP 284483 Cow Metacarpal, sin., adult 
100/ 
98 45/66  151  
MFS UBA-20176 cf. Cow 
2nd phalanx, 
sin./pair, adult 
100/ 
98 16/64  157  
MLZ 268291 Swine Astragalus, dex., adult 
100/ 
98 20/31  159  
OHL-1 284456 Roe deer Metatarsal, sin., adult 99/99 46/15  102  
OM 284454 Roe deer Metatarsal, dex., adult 
109/ 
100 04/98  190  
PLU 268289 Dog Humerus, dex., adult 
111/ 
101 27/74  181  
POW 268290 Swine Astragalus, dex., adult 
112/ 
100 33/74  192  
  
35 
ex. no. lab. no. Taxa 
Anatomical part 
and ontogenetic 
age 
g. s. Quad. Coord. Level Plan 
PUD 284479 Swine Ulna, dex., adult 111/ 102  NV 183  
PXA 284453 Grey seal Radius, sin., adult 113/ 98 17/34  193  
QBE 284475 Cow 1st Phalanx, dex., adult 
100/ 
98 97/66  160  
QGU 284473 Red deer Metatarsal, sin., adult 96/99 89/27  152  
QXU 284470 cf. Auroch Ulna carpal, sin., adult 
110/ 
101 06/06  187  
RYS 268288 Red deer Astragalus, dex., adult 99/98 57/17  187  
ST-1 284451 Dog Femur, dex., adult 100/ 100 62/14  166  
UAD 284452 Dog Tibia, sin., adult 101/ 99 60/45  177  
UBS 284478 Swine Ulna, sin., adult 100/ 105 08/88  154  
UFL-2 284477 Swine Radius, dex., adult 100/ 105 38/95  174  
YVO 284459 Red deer Humerus, dex., adult 
100/ 
109 45/88  161  
YWZ 284480 Swine Radius, dex., adult 101/ 109 18/18  160  
TG-BQ-1 TG-2 Cygnus sp. 
Humerus, 
indeterminate A   N 
251/2
69 AP 
TG-DT TG-1 Cygnus sp. Humerus, dex. A   N 
269/2
79 DS 
Table to show the bird and mammal remains sampled for carbon and nitrogen stable isotope analyses 
from the kitchen middens at Havnø and Thygeslund. Note that the table is sorted by excavation number 
alphabetically (Gron 2013a; Gron personal communication; this study). Key: excavation number, ex. no., 
laboratory number, lab. no., grid square, g. s., quadrant, Quad., coordinate, coord. 
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Samples selected for sulphur stable isotope analysis 
Four of the 20 human remains sampled from Havnø for carbon and nitrogen stable 
isotope analyses had their bone collagen re-extracted for sulphur stable isotope analysis. 
They included the following that are discussed in detail above: ABFU, a questionable 
left patella belonging to an adult; LBC-1, a right fibula deriving from an adult; LDY-2, 
a cranial fragment belonging to a juvenile; and VNV, an orbit/parietal fragment deriving 
from a juvenile.  
 
A total of four fish bone samples had their collagen re-extracted for sulphur stable 
isotope analysis. They included the following that are discussed in detail above: 
HAV5.1, a right eel cleithrum with a TL of 75 cm; HAV103/105, 15 eel remains with a 
TL approximately of 41 to 68 cm; AEMW1-4, four caudal vertebrae deriving from a 
Pleuronectidae, cf. founder; and HAV101/105, two caudal and one thoracic vertebrae 
belonging to a Pleuronectidae, cf. founder with a TL approximately 20 to 30 cm.  
 
In total two of the 38-mammal bone collagen samples analysed by Gron (2013a) were 
selected for sulphur stable isotope analysis. They included the following: HAV-HSU, a 
right metacarpal deriving from an adult roe deer, and sample HAV-OM, a right 
metatarsal belonging to an adult roe deer.  
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Lab. no. Taxa 
Anatomical 
part and 
ontogenetic 
age (TL) 
g. s. Quad. Coord. Level Plan 
HAV ABFU Human Patella sin., adult 104/101 NE  171  
AEMW1-4 Pleuronectidae,  cf. flounder 
Caudal 
vertebra, n = 4 101/104 SW  
164/ 
183 AEMU 
HAV101/105 Pleuronectidae,  cf. flounder 
Caudal 
vertebrae, n = 
2; thoracic 
vertebra, n = 1 
(~20-30 cm) 
101/105 SE  164/ 184 AEMU 
HAV103/105 Eel 
Caudal 
vertebrae, n = 
5; thoracic 
vertebrae, n = 
5; unknown 
vertebra, n = 1; 
ceratohyals, 
pair, n = 2; 
premaxilla, n = 
1; vomer, n = 1 
(~41-68 cm) 
103/105 SE  177 AERA 
HAV5.1 Eel Cleithrum, dex. (75 cm) 92/100 NW  
180/ 
188  
HAV HSU Roe deer Metacarpal, dex, adult 93/100 SW 08/89 187  
HAV LBC1 Human Fibula dxt., adult 
 
98/98 
 
    
HAV LDY2 Human Cranium, juvenile 99/100 SE  
147-
158  
HAV OM Roe deer Metatarsal, dex, adult 109/100 SW 04/98 190  
HAV VNV Human 
Cranium 
parietal, orbit, 
juvenile 
111/103     
Table to show the bone collagen samples for sulphur stable isotope analysis from the kitchen midden at 
Havnø. Note that the table is sorted by excavation number alphabetically (Gron 2013a; Gron 
unpublished data; this study). Key: laboratory number, Lab. no., grid square, g. s., quadrant, Quad., 
coordinate, Coord.  
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Matthew von Tersch, matthew.vontersch@york.ac.uk 
 
LOCATION:   
 
BioArCh S-BLOCK 
 
COSHH REF:  
 
COLLAGEN EXTRACTION FOR ISOTOPE ANALYSIS 
 
PRINCIPAL: 
 
A dilute solution of hydrochloric acid is used to demineralise and gelatinise 
samples of archaeological bone.  The resulting soluble collagen is then filtered 
and freeze dried and weighed out for isotope analysis or proteomics. 
 
SAMPLE TYPE:   
 
Archaeological or modern bone to be demineralised and gelatinised into 
collagen. 
 
MATERIALS AND REAGENTS REQUIRED: 
 
0.1M Sodium Hydroxide (NaOH), (see appendix) 
0.6M Hydrochloric Acid (HCL) at +4°C, (see appendix) 
pH3 Hydrochloric acid at room temperature, (see appendix) 
15ml falcon tubes, 
30K ultrafiltration tubes,  
Ultra pure water, 
Parafilm,  
Sample for analysis 
Ground bovine bone (stored at -20 ºC), used as a control sample 
Tin capsules 
 
EQUIPMENT TRAINING REQUIRED (please see technician) 
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Centrifuge 
Freeze Drier 
Microbalance 
Isotope Ratio Mass Spectrometer (IRMS) 
 
SAFETY: 
 
This procedure uses dilute acids and alkalis. Gloves, lab coat and protective 
spectacles must be worn.   
 
 
 
PROCEDURE:  
 
 
1.0 PREPARING THE SAMPLES  
 
 
 
 
 
 
 
 
 
 
1.1 Remove required amount of bone material from each of your samples. 
You will usually need: 
 
• Carbon and Nitrogen – 200 - 300mg 
• Sulphur  - 400 - 500mg 
  
2.0 CLEANING: 
 
 
. 
 
 
 
 
 
2.1  Lay out a sheet of aluminium foil to work on. 
 
2.2 Handling the samples with gloves, clean bone samples on all surfaces, 
removing traces of soil and dirt.  
 
2.3 Once cleaned, the sample should be broken into long thin shards which 
run along the ‘grain’ of the bone. If it is not possible to break the bone by 
hand, then use a pestle and mortar, cleaning between samples to avoid 
cross contamination.  
Where possible, use large shards or bone chips in preference to bone 
powder. Good quality collagen will keep its shape during demineralisation, 
and collagen yields are generally better. Please discuss this with your 
supervisor.  
 
Bones can be cut using a small fret-saw, snips or clippers, or the Dremmel 
precision saw (please ask technician for training). It is sometimes possible to 
simply snap off a small piece of bone by hand.   !
The sample/s must be cleaned using a sterile scalpel  blade to remove dirt 
and contaminating material.  
 
Safety Tip: Always scrape away along the surface of the bone from 
body and gloved fingers !
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2.4 Weigh the bone pieces on foil, record the mass and place into a sterile 
clean 15ml falcon tube pre-labelled with name, sample ID and date. 
 
 
5.0 CONTROL SAMPLE: 
 
 
 
 
 
 
 
 
 
 
3.1 Weigh out approximately 100mg of ground bovine bone into a clean 15ml 
falcon tube.  
 
4.0  DEMINERALIZATION: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Safety Tip: Wear gloves, labcoat and protective glasses when handling 
acids 
 
4.1 Remove the cold 0.6M HCL acid from fridge F7 and decant required 
amount of acid into a small beaker. Never pour into your sample tubes 
directly from the bottle to avoid contaminating the stock solution. 
 
4.2 Add 8ml acid to each sample/falcon tube.  Cover the tubes loosely with 
tin foil, and place in the fridge for one hour to allow any gas to escape.   
 
4.3 After 1 hour, remove the foil, replace the caps and secure with parafilm. 
Place tubes on the roller-rocker in the cold room (+4ºC) on J corridor, 
ensuring that the solution and sample are being agitated.  
   
4.4 Check samples after 24 hrs to see if demineralisation is complete. Leave 
for a further 24hrs if necessary. 
The control is a crushed homogenised sample of bovine bone that has 
already been analysed. As the isotopic and collagen composition has been 
previously determined; a similar result at the analysis stage will give us 
confidence that we have a reliable set of results. The sample can be found in 
freezer F1 in S005, second drawer from bottom. You will need one control 
per batch of samples. !
NOTE: The process by which the minerals or mineral salts are removed from 
bones using acid. The period of demineralization will be variable from 1 to 2 
days to nearly two weeks; and will depend on the bone, fragment size and its 
state of preservation.  The product is a gelatinous, lighter version of the 
original bone fragment (a pseudomorph) and will feel spongy when prodded 
with the end of a sterile Pasteur pipette. 
 
NB: There is some collagen destruction involved in the process, so the 
longer the samples are left in the acid, the higher the risk.  Samples with low 
collagen levels will need very careful attention.   
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4.5 If demineralization is not completed after 48hrs, it may be necessary to 
change the acid. Pour off/pipette out the spent acid leaving the sample in 
the tube. Centrifuging may be required for powdered bone samples. 
Replace the acid, loosely cover with foil and then cap and place back on 
rocker for another 24 hrs. Repeat steps 4.2 to 4.5 until demineralisation 
is complete. 
 
4.6 When demineralisation is complete, pour or pipette off the spent acid into 
a waste glass beaker and rinse each sample three times with ultra-pure 
water. Centrifuging may be required if powdered bone sample is used. 
 
5.0 GELATINISATION: 
 
5.1 Decant required amount of pH3 Hydrochloric Acid (HCL) to a small 
beaker, and add 4ml to each sample. Recap the tubes. 
  
5.2 Place the tubes into a glass beaker and put them in an oven set to 80ºC 
for at least 24 hours, or until the collagen has dissolved. This usually this 
takes 48 hours.  
 
5.3 When gelatinisation is complete, remove from oven.  
 
 
6.0 ULTRAFILTRATION – CONDITIONING THE ULTRAFILTERS 
 
6.1 Take one 30K ultra-filter for each sample, and label appropriately using a 
permanent marker. Fill with 0.1M NaOH and recap. 
 
6.2 Load them into the centrifuge, ensuring that the rotor is balanced in four 
directions, using the blanks by the centrifuge if needed.  
 
6.3 Centrifuge for 8 minutes, at 4000 x g.  Ask the technician when using the 
centrifuge if unsure. This is to wash through any contaminants.  
 
6.4 Once complete, discard the NaOH from the tubes into a beaker. 
 
6.5 Repeat the process three more times for each tube with ultra pure water, 
discarding the filtrate each time 
NOTE: The process by which collagen within the bone sample is broken 
down by hydrolysis, making it soluble.  
 
NB: Do not start this procedure unless there is time for you to remove the 
samples from the oven, i.e. they need to come out at the weekend! If there is 
insufficient time, add ultrapure water to each samples and place in the fridge 
over the weekend and continue the procedure on the Monday. !
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7.0 ULTRAFILTERING THE SAMPLES: 
 
 
7.1 Using a plastic pipette, fill the appropriate sample filters with the relevant 
liquid sample and recap. You will not be able to fit the entire sample into 
the filter.  Ensure that the part remaining in the falcon tubes is covered 
with the tube cap to prevent contamination.   
 
7.2 Load them into the centrifuge, ensuring that the rotor is balanced in four 
directions, using the blanks by the centrifuge if needed 
 
7.3 Centrifuge the samples in the filters for a short period (up to 5 minutes 
initially).   
 
7.4 When some of the sample has passed through the filter, remove the 
liquid collected at the bottom of the tube (Filtrate) using a clean plastic 
pipette and transfer into a clean pre-weighed and pre-labelled falcon 
tube e.g Sample 1 F. 
 
7.5 Fill the filter up again with more sample, and repeat the centrifugation 
process as above.  Repeat this process until the entire sample has been 
centrifuged through the filter, leaving some of the sample between the 
500 µL line and the top of the fanned filter. This is your Retentate!. 
 
7.6 The remaining liquid (Retentate) in the filter should be carefully 
transferred by pipette to a clean pre-weighed and pre-labelled falcon 
tube e.g Sample 1 R,  
 
 
7.7 Pour some ultrapure water into the filter to just up to the 500µL line. 
Carefully pipette this out and add it to the rest of the retentate sample.  
This one rinse ensures that you have as much of the collagen as 
possible.  
 
7.8 At this point, samples should be frozen ready for freeze drying (see 
below) 
 
NOTE: The process by which soluble extracted collagen is passed through a 
30K filter. The protein fragments greater than 30K are retained above the 
filter (retentate), whilst fragments smaller than 30K pass through (filtrate).  
 
DO NOT LET FILTERS DRY OUT BEFORE FILTERING IS COMPLETE !
HINT: Avoid pipetting up any larger debris that may be trapped at the very 
bottom of the filter. The best technique is to carefully move the pipette left 
and right whilst drawing up the solution, avoiding touching the pipette against 
the bottom of the filter.!
  
43 
 
8.0   FREEZE-DRYING: 
 
 
8.1 Both retentate and filtered samples should be frozen at -20°C for at least 
12 hours prior to freeze-drying.  
 
8.2 Cover each tube with a piece of Parafilm to seal it.  Punch a couple of 
holes in the Parafilm using a pair of pointed tweezers.   
 
8.3 When  the tubes are sealed, keep them in a test tube rack and put them 
into the - 20°C  freezer (ordinary freezer) with the rack tipped so that the 
tubes are at an  acute, almost horizontal, angle.  This will help optimise the 
freeze drying process. 
 
8.4 When thoroughly frozen, transfer the samples as quickly as possible to 
the pre-prepared freeze drier to minimise the potential for the samples 
defrosting. Samples should be left for 24 hours 
 
 
8.5 When the process has finished, the samples will appear light-coloured, 
(pinkish or yellowish in colour) and look dry, a bit like a polystyrene 
packing chip in texture. Remove the samples from the freeze drier, taking 
care not to vent the system too quickly that may result in the samples 
‘exploding’. 
 
 8.6 Samples should be sealed immediately with un-pierced Parafilm to 
prevent the collagen absorbing moisture from the air. Sample can be 
stored at room temperature until analysis. 
 
9.0   WEIGHING OUT SAMPLES FOR ANALYSIS – CALCULATE 
COLLAGEN YEILD: 
 
NOTE: The process by which water contained within frozen samples is 
removed under vacuum. The water moves from the solid state to the 
gaseous state, without first becoming a liquid which is collected in a 
condensing chamber held at -55°C. Freeze drying will normally take around 
24 hours, depending on the samples.   
 
NB – DO NOT USE THE FREEZE DRIER UNLESS YOU HAVE TRAINED. 
PLEASE ASK THE TECHNICIAN FOR TRAINING BEFORE USE. 
HINT: If the samples contain a lot of collagen and have been left in the fridge 
for a while, they may have solidified. It will be necessary to warm them in the 
hand for a couple of minutes to ensure that they liquefy before they go into 
the freezer.   
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9.1 Weigh both the retentate and filtrate tubes containing all of the extracted 
material for each sample, and calculate the yield of collagen from the 
original bone sample.  
 
10.0   WEIGHING OUT SAMPLES FOR ANALYSIS BY IRMS: 
 
10.1 Using the 6 decimal place balance in Phil Ineson’s lab, weigh out, in 
duplicate, between 0.9 and 1.1 mg of the retentate for each sample into 
capsules. Use tin capsules for carbon and nitrogen analysis, silver 
capsules for oxygen and hydrogen (see table below)  
 
10.2 Place a capsule onto the balance with tweezers, tare the equipment and 
then transfer collagen to it using tweezers.  
 
10.3 When you are happy with the material weight (see below), note down the 
weight (3d.p.) on the weighing sheet (available from the lab technician), 
crimp closed the capsule using the tweezers and shape into a small ball 
or cube, without any ‘tags’ of splits. (Please ask your supervisor or 
technician for a demonstration of how to do this).  
 
10.4 Place the samples into individually labelled microtubes or a 96 well plate 
(see lab technician for these). 
 
10.5 Suggested weights, and capsule type for different analyses. 
 
Analyte Capsule Type Weight required 
Carbon and Nitrogen Tin 4*3.2mm 0.9 - 1.2mg 
Sulphur Tin 4*3.2mm 0.9 – 1.2mg 
Oxygen and Hydrogen Silver 4*3.2mm 0.9-1.1mg 
Low Level Nitrogen Tin 4*9 mm 1 – 3 mg 
  
10.6 When all your samples have been weighed out, take them to the lab 
technician who will arrange a time to run them. You will also need to 
weigh out a number of standards – the number required will depend on 
HINT: Before weighing out samples, ensure the work area and tools to 
be used are cleaned with acetone to minimise contamination. Wear 
gloves whilst weighing out samples, and always clean tweezers 
between different samples. 
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the number of samples you have prepared. Please discuss this with the 
lab technician.  
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FRUITS modelling parameters 
In order to obtain a more accurate reconstruction of the consumers diet a Bayesian 
mixing model (FRUITS) was applied. The following section will provide an overview 
of the model parameters for the dietary scenario implemented.  
 
The following parameters were set: (1) three food groups (C3 cereals/wild plants, C3 
terrestrial mammals and marine fish). (2) Three food fractions (carbohydrates, lipids 
and protein). (3) Dietary proxies (carbon and nitrogen). (4) Consumer data included the 
mean carbon and nitrogen stable isotope values and standard deviations obtained on 
human bone collagen for each of the five individuals. (5) The three food groups were 
identical to those listed in (1). Given the numerous groups of carbon and nitrogen 
isotope data obtained from archaeological specimens, in scenario (1) it was assumed 
that three groups contributed towards the consumers diet: C3 cereals/wild plants, C3 
terrestrial mammals and marine fish. C3 wild plants were assumed for the EBK 
individuals, whereas C3 cereals for the TRB individuals derived from Bogaard et al. 
(2013). The wild plants were assumed to have approximately the same isotope values as 
the measured archaeological cereals. C3 terrestrial resources included auroch, red deer, 
roe deer and Sus sp. for the EBK individuals and cattle, ovicaprid, red deer, roe deer and 
Sus sp. for the TRB individuals. The marine fish included European eel, and flatfish. 
The stable isotope data derived from the analysis undertaken (Gron 2013a; Robson et 
al. 2012). The values were averaged and grouped according to habitat use. (6) Food 
fractions included carbohydrates, lipids and protein. It was assumed that the protein to 
collagen enrichment was 2.3‰, whereas the protein to energy (carbohydrates and 
lipids) was 0.5‰ (Fernandes 2015). (7) The offset and weights were set at ~76% 
protein and ~24% energy (carbohydrates and lipids) for carbon, and 100% for nitrogen. 
(8) Food values included the carbon and nitrogen stable isotope values and standard 
deviations for the individual food groups. (9) Concentrations of carbohydrates and 
protein for the individual food groups were identical to those used by Fernandes (2015). 
(10) In the scenario no prior information was included.  
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Food group δ
13Ccol 
(‰) 
δ15Ncol 
(‰) 
δ13Cpro 
(‰) 
δ15Npro 
(‰) 
δ13Clip 
(‰) 
δ13Ccar 
(‰) 
δ13Cene 
(‰) 
Pro 
(% C) 
Ene 
(% C) 
C3 terrestrial 
cereals/wild 
plants 
    -23.5 4.0   -24.5 -24.5 15 ± 2.5 
85 ± 
2.5 
C3 terrestrial 
mammals 
-21.0 ± 
0.5 
5.3 ± 
0.8 
-23.0 ± 
1.0 
6.3 ± 
1.0 
-29.0 ± 
1.0   -29.0 
31 ± 
2.5 
69 ± 
2.5 
Marine fish -13.7 ± 1.6 
11.4 ± 
1.0 
-14.7 ± 
2.0 
13.4 ± 
1.0 
-20.7 ± 
1.0   -20.7 
73 ± 
2.5 
27 ± 
2.5 
Table 1: Mean of measured C3 terrestrial cereals/wild plants, C3 terrestrial mammals and marine fish 
bone collagen carbon and nitrogen stable isotope values (data from Gron 2013a; Robson et al. 2012; this 
study), estimated protein and energy (carbohydrates and lipids) isotopic values as reported by Fernandes 
(2015). Key: collagen, col, protein, pro, lipid, lip, carbohydrate, car, energy, ene.    
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Sample preparation for AMS radiocarbon dating 
In this study sample preparation and direct AMS radiocarbon dating were undertaken at 
the Scottish Universities Environmental Research Centre, UK. Shards of bone weighing 
approximately 2 g were removed using a clean saw from the original specimen. Each 
bone was surfaced cleaned using a small buff attached to a Dremel™ (Mount Prospect, 
USA) multi-tool, and homogenised for collagen extraction. The samples were then 
placed in a clean 250 ml glass beaker and weighed. Approximately 100 ml of 2% w/v 
NaOH was added, and the bones were left to soak for around 60 minutes to remove 
humic substances. Each sample was washed thoroughly to remove residual NaOH and 
demineralised for 24 hours in 100 ml of 1 M HCl. Once demineralised, the samples 
were washed with high purity H2O, and then heated to ca. 80°C in 100 ml of high purity 
H2O to denature and solubilise. The samples were then filtered using GF/A filter paper 
and the solution retained and transferred to a clean, furnace beaker. The solution was 
then boiled to ca. 10 ml and transferred to a pre-weighed sterile glass vial. The vials 
containing the samples were frozen, and the cap replaced by glass fibre filter paper. The 
samples were freeze-dried, and then removed re-capped, weighed and stored for 
combustion. Finally, the masses were weighed for combustion and stable isotope 
analysis. 
 
Following standard procedure (Bowman 1990) the date ranges from each sample were 
checked for internal consistency, and included components from the counting statistics 
on the sample, modern reference standards, background standards and the random 
machine error. If the C:N ratios were outside of the acceptable range of 2.9-3.6 (DeNiro 
1985), the samples were regarded as having modified collagen and rejected.  
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Laboratory number δ13CVPDB (‰) δ15NAIR (‰) C:N ratio %C %N % collagen 
Successful carbon and nitrogen samples 
HAV-QEKb+c -11.7 13.6 3.2 38.4 14.0 2.9 
HAV-LBC1a+b -12.3 13.7 3.3 53.9 19.2 2.7 
HAV-UBQBa+b -11.6 13.9 3.2 66.1 24.0 3.1 
HAV-THEa+b -11.8 13.6 3.2 42.1 15.4 2.2 
HAV-NYAa+b -11.8 13.7 3.2 39.2 14.1 2.3 
HAV-NSVa+b -12.0 13.5 3.3 43.9 15.7 2.9 
HAV-OHAa+b -11.7 13.2 3.2 34.9 12.9 3.1 
HAV-OTDa+b -11.5 13.3 3.2 38.1 14.0 2.3 
HAV-OHL3a+b -11.6 13.1 3.1 41.5 15.4 3.7 
HAV-UDEa+b -11.3 13.0 3.2 32.5 11.9 3.6 
HAV-UBQAa+b -12.1 13.5 3.3 37.7 13.3 2.9 
HAV-LDUAa+b -11.8 13.5 3.2 71.2 26.3 2.8 
HAV-QQBa+b -18.2 11.3 3.2 41.3 15.2 4.0 
HAV-VNVa+b -18.0 11.5 3.2 44.8 16.2 1.3 
HAV-XPGa+b -17.9 12.5 3.2 41.6 15.1 2.9 
HAV-ABFUa+b -21.0 9.9 3.3 43.5 15.3 2.1 
HAV-HLDY-2a+b -20.0 11.8 3.2 63.2 23.1 2.9 
HAV-YNWb,c+d -14.9 13.4 3.5 42.2 14.1 4.2 
HAV-AJEQb,c,d+e -15.0 13.3 3.4 37.7 13.0 3.3 
HOL-1a+b -10.7 16.1 3.2 39.0 14.0 3.0 
HOL-2a+b -12.7 15.6 3.5 41.9 13.8 4.2 
HOL-3a+b -10.7 16.2 3.2 39.2 14.2 3.6 
HOL-4b+c -11.6 16.1 3.4 37.1 12.7 3.4 
HAV1.2a -9.8 7.9 3.4 25.5 8.8 7.9 
HAV1.4a -9.7 7.9 3.4 34.8 12.1 7.9 
HAV2.1a -8.6 7.7 3.3 39.1 14.0 3.3 
HAV2.2a+b -9.0 7.8 3.4 34.4 12.0 3.7 
HAV3.1a -9.0 8.4 3.3 59.6 21.1 3.4 
HAV4.1a+b -7.7 8.5 3.2 91.6 33.7 1.4 
HAV4.2a -6.9 7.4 3.3 42.5 14.8 1.4 
HAV5.14a,b+c -7.9 9.8 3.2 33.3 12.2 1.3 
HAV5.16a+b -10.1 9.3 3.3 62.9 22.6 8.5 
HAV6.4a+b -10.2 8.4 3.3 38.5 13.6 3.1 
HAV6.7a+b -10.8 8.9 3.3 37.9 13.4 2.1 
HAV5.1a+b -7.6 9.2 3.2 44.5 16.1 6.0 
HAV 103/105a -11.4 7.5 3.2 42.0 15.1 3.0 
101/105.2a -27.7 5.3 3.6 40.1 13.1 8.0 
YLQ.9b -13.3 9.8 3.3 42.5 15.2 6.7 
YLR.1a+b -13.8 5.1 3.3 38.9 13.9 1.1 
101/105 NE.1a+b -14.2 8.1 3.2 35.5 12.9 3.0 
ACAA7.1-7.2a+b -11.6 6.5 3.3 41.7 14.7 7.6 
AEMW1-4a+b -10.8 7.2 3.2 48.3 17.7 3.7 
HAV 101/105a+b -14.5 6.8 3.2 41.9 15.4 4.6 
YLR.11-14a+b -16.2 5.6 3.6 44.0 14.3 7.6 
AEMX.4a+b -13.5 7.5 3.4 43.2 14.8 9.6 
YMX.1d+e -9.1 11.8 3.4 41.3 14.4 8.0 
93/99 SW.6a+b -18.0 10.3 3.4 44.8 15.5 9.0 
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Laboratory number δ13CVPDB (‰) δ15NAIR (‰) C:N ratio %C %N % collagen 
93/99 SW.7a+b -9.8 10.7 3.3 42.4 15.0 1.4 
AFBE.37b -10.6 6.1 3.4 42.6 14.7 1.0 
YWT1-3a+b -14.1 10.5 3.2 42.4 15.4 6.1 
93/99 SW.68a -18.5 11.0 3.3 41.2 14.6 5.0 
284469 -22.4 4.7 3.4 24.9 8.7 6.0 
284470 -21.2 5.2 3.5 15.8 5.3 4.0 
284475 -22.4 4.0 3.4 30.7 10.4 7.5 
284483 -22.0 3.9 3.3 34.0 12.2 10.6 
284484 -21.8 4.2 3.3 31.8 11.2 6.8 
284485 -21.8 3.7 3.4 24.1 8.3 6.6 
284486 -22.0 3.6 3.3 28.4 10.0 6.4 
UBA-20176 -22.7 4.4 3.6 9.8 3.1 3.6 
UBA-20177 -22.4 4.5 3.6 14.1 4.6 3.6 
268289 -19.7 8.4 3.3 32.8 11.8 n.d. 
284451 -9.3 12.4 3.3 34.7 12.3 11.8 
284452 -11.8 11.8 3.5 25.6 8.5 7.0 
UBA-20179 -9.5 12.1 3.5 19.9 6.7 3.5 
UBA-20175 -22.5 5.1 3.5 13.1 4.4 3.5 
268287 -22.0 4.6 3.3 27.7 9.7 n.d. 
284454 -21.5 3.7 3.3 31.3 11.0 10.1 
284455 -22.9 3.5 3.3 32.9 11.8 13.2 
284456 -21.8 4.3 3.4 27.5 9.3 6.6 
284457 -22.1 4.2 3.3 33.7 12.0 13.1 
268288 -22.6 4.0 3.5 17.9 6.0 n.d. 
284458 -21.6 4.6 3.4 29.0 10.0 6.5 
284459 -21.9 3.5 3.6 19.2 6.3 5.0 
284460 -21.8 3.4 3.3 31.5 22.3 9.5 
284471 -21.5 4.5 3.4 29.4 10.2 5.3 
284472 -21.8 4.6 3.6 22.4 7.3 4.9 
284473 -23.2 4.7 3.3 29.6 10.5 7.4 
284474 -21.4 3.6 3.4 29.5 11.2 6.1 
284453 -16.7 12.1 3.6 23.7 7.8 5.5 
UBA-20178 -12.0 14.6 3.6 7.2 2.3 3.6 
268290 -22.2 4.6 3.6 15.5 5.0 n.d. 
268291 -22.3 4.3 3.4 26.6 9.1 n.d. 
284476 -22.8 5.0 3.6 19.4 6.1 4.5 
284477 -21.2 3.1 3.5 28.2 9.5 6.0 
284478 -22.3 4.1 3.4 24.4 8.3 4.9 
284479 -21.9 7.5 3.5 24.7 8.3 5.7 
284480 -22.1 3.7 3.3 27.1 9.5 6.2 
284481 -21.6 4.5 3.4 31.3 10.6 7.0 
HAV-HXGXa+b -21.8 4.3 3.4 43.1 14.8 3.4 
TG-1a+b -19.5 4.5 3.4 41.0 14.3 3.0 
TG-2a+b -19.1 4.3 3.3 41.3 14.7 6.0 
Discarded samples 
HAV3.2 No collagen preserved 
ACAA7.3-7.12a -12.5 6.9 4.0 47.5 14.0 1.3 
AEMX.2a+b -19.6 6.9 4.5 48.2 12.7 1.2 
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Laboratory number δ13CVPDB (‰) δ15NAIR (‰) C:N ratio %C %N % collagen 
AFDC.108 No collagen preserved 
284482 -22.9 4.3 4.8 16.8 4.1 4.1 
Repeated samples 
284476 -19.4 6.1 3.6 19.4 6.1 4.5 
HAV-QEKa+b -11.6 13.5 3.2 41.3 15.2 3.0 
HAV-THEa+b -11.9 13.3 3.2 42.1 15.5 2.0 
HAV-OHAa+b -11.6 13.5 3.1 42.8 15.9 3.0 
HAV-OTDa+b -11.6 13.5 3.2 43.4 16.0 3.0 
HAV-OHL3a+b -11.8 13.5 3.2 43.3 15.9 4.0 
HAV-UDEa+b -11.5 13.2 3.2 44.1 16.3 3.0 
HAV-UBQAa+b -11.6 13.5 3.2 43.0 15.8 3.0 
HAV-LDUAa+b -12.0 13.2 3.2 42.3 15.5 3.0 
HAV-QQBa+b -18.2 11.4 3.1 41.8 15.5 3.0 
HAV-XPGa+b -18.1 12.4 3.2 44.0 16.2 3.0 
Successful sulphur samples 
Laboratory number δ34SV-CDT (‰)   C:S ratio N:S ratio %S % collagen 
HAV HSUa+b 15.8   427.6 131.8 0.21 n.d. 
HAV OMa+b 15.8   378.9 114.4 0.22 n.d. 
HAV LBC1a+b 8.5   844.7 258.3 0.17 n.d. 
HAV VNVa+b 14.4   795.6 246.6 0.15 n.d. 
Discarded samples             
HAV5.1a+b 5.7   365.4 113.2 0.33 n.d. 
HAV 103/105a 7.2   260.4 80.5 0.43 n.d. 
AEMW1-4a+b 3.8   379.2 119.2 0.34 n.d. 
HAV 101/105a -1.4   243.0 76.3 0.46 n.d. 
HAV LDY2a 13.5   1123.6 352.0 0.15 n.d. 
HAV ABFU No collagen preserved 
Table to show the stable isotope data obtained in this study, Gron (2013a) and Robson et al. (2012).  
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Proxy Food groups  Mean ± 
Percentile 
2.5th  Median 97.5th 
Adult 1 
 Carbon Marine fish 0.0 0.0 0.0 0.0 0.1 
Carbon Terrestrial mammals 0.5 0.3 0.0 0.6 0.9570.4 
Carbon Cereals/wild plants 0.4 0.3 0.0 0.4 0.9 
Nitrogen Marine fish 0.0 0.0 0.0 0.0 0.2 
Nitrogen Terrestrial mammals 0.6 0.3 0.1 0.7 1.0 
Nitrogen Cereals/wild plants 0.3 0.3 0.0 0.3 0.9 
Adult 2 
  
  
  
Carbon Marine fish 0.6 0.1 0.4 0.6 0.8 
Carbon Terrestrial mammals 0.2 0.1 0.0 0.2 0.4 
Carbon Cereals/wild plants 0.2 0.1 0.0 0.2 0.5 
Nitrogen Marine fish 0.7 0.1 0.6 0.7 0.9 
Nitrogen Terrestrial mammals 0.1 0.1 0.0 0.1 0.4 
Nitrogen Cereals/wild plants 0.1 0.1 0.0 0.1 0.3 
Adult 3 
 Carbon Marine fish 0.4 0.1 0.2 0.4 0.5 
Carbon Terrestrial mammals 0.3 0.2 0.0 0.2 0.6 
Carbon Cereals/wild plants 0.4 0.2 0.0 0.4 0.7 
Nitrogen Marine fish 0.5 0.1 0.4 0.5 0.7 
Nitrogen Terrestrial mammals 0.2 0.1 0.0 0.2 0.5 
Nitrogen Cereals/wild plants 0.3 0.1 0.0 0.3 0.5 
Juvenile 1 
 Carbon Marine fish 0.1 0.1 0.0 0.1 0.3 
Carbon Terrestrial mammals 0.4 0.2 0.0 0.3 0.8 
Carbon Cereals/wild plants 0.5 0.2 0.0 0.5 0.9 
Nitrogen Marine fish 0.2 0.1 0.0 0.2 0.4 
Nitrogen Terrestrial mammals 0.4 0.2 0.0 0.4 0.8 
Nitrogen Cereals/wild plants 0.4 0.2 0.0 0.4 0.8 
Juvenile 2 
 Carbon Marine fish 0.1 0.0 0.0 0.1 0.2 
Carbon Terrestrial mammals 0.6 0.2 0.1 0.6 0.9 
Carbon Cereals/wild plants 0.3 0.2 0.0 0.3 0.8 
Nitrogen Marine fish 0.1 0.1 0.0 0.1 0.3 
Nitrogen Terrestrial mammals 0.6 0.2 0.1 0.7 0.9 
Nitrogen Cereals/wild plants 0.3 0.2 0.0 0.2 0.7 
Holmegård adult 
 Carbon Marine fish 0.7 0.1 0.5 0.7 0.9 
Carbon Terrestrial mammals 0.2 0.1 0.0 0.2 0.4 
Carbon Cereals/wild plants 0.2 0.1 0.0 0.1 0.4 
Nitrogen Marine fish 0.8 0.1 0.6 0.8 0.9 
Nitrogen Terrestrial mammals 0.1 0.1 0.0 0.1 0.3 
Nitrogen Cereals/wild plants 0.1 0.1 0.0 0.1 0.2 
Table to show the estimates on the signal contributions from food for the assumed scenario.  
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Sample/species Laboratory number 
Radiocarb
on age 
Calibrated age at 
± 1 sigma 
Reference 
BP BC 
Bos taurus AAR-10620 4998 ± 47 3810-3660 Andersen personal communication 2014 
Ostrea edulis AAR-10621 6478 ± 42 4670-4370 Andersen personal communication 2014 
Ostrea edulis AAR-10622 6295 ± 40 4460-4220 Andersen personal communication 2014 
Bos taurus AAR-11930 5015 ± 41 3890-3660 Andersen personal communication 2014 
Bos taurus AAR-13466 5100 ± 44 3980-3780 Andersen personal communication 2014 
Ostrea edulis AAR-13467 5715 ± 40 3870-3580 Andersen personal communication 2014 
Ostrea edulis AAR-14672 6230 ± 37 4420-4130 Andersen personal communication 2014 
Ostrea edulis AAR-14673 6209 ± 37 4370-4080 Andersen personal communication 2014 
Ostrea edulis AAR-15644 5646 ± 33 3760-3590 Andersen personal communication 2014 
Ostrea edulis AAR-17177 6367 ± 35 4510-4280 Andersen personal communication 2014 
Cerastoderma 
edule AAR-17178 6117 ± 47 4300-4000 
Andersen personal 
communication 2014 
Ostrea edulis AAR-17179 5927 ± 39 4080-3780 Andersen personal communication 2014 
Ostrea edulis AAR-19082 5137 ± 27 3170-2870 Andersen personal communication 2014 
Ostrea edulis AAR-19083 5223 ± 14 3300-2960 Andersen personal communication 2014 
Ostrea edulis K-6918 5130 ± 65 3290-2820 Andersen personal communication 2014 
Ostrea edulis K-6919 4820 ± 80 2860-2360 Andersen personal communication 2014 
Ovis/Capra OXA-27064 5329 ± 35 4310-4050 Andersen personal communication 2014 
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Sample/species Laboratory number 
Radiocarb
on age 
Calibrated age at 
± 1 sigma 
Reference 
BP BC 
Homo sapiens SUERC-42620 (GU25952) 5067 ± 29 3950-3710 This study 
Homo sapiens SUERC-42621 (GU25953) 4101 ± 29 2860-2470 This study 
Homo sapiens SUERC-42625 (GU25954) 4233 ± 29 2870-2400 This study 
Homo sapiens SUERC-42626 (GU25955) 5880 ± 29 4210-3810 This study 
Homo sapiens SUERC-42627 (GU25956) 5869 ± 29 4210-3800 This study 
Bos taurus Ua-35185 3610 ± 45 2140-1880 Andersen personal communication 2014 
Unknown (burnt 
fragment) Ua-35186 5455 ± 40 4360-4240 
Andersen personal 
communication 2014 
Unknown 
(splinter) Ua-35187 5630 ± 45 4540-4360 
Andersen personal 
communication 2014 
Ovis/Capra UBA-20175 4883 ± 29 3710-3640 Gron 2013a 
Bos taurus UBA-20176 4777 ± 26 3640-3520 Gron 2013a 
Bos taurus UBA-20177 4927 ± 28 3760-3650 Gron 2013a 
Phoca-
Halichoerus UBA-20178 5648 ± 28 3810-3630 Gron 2013a 
Canis familiaris UBA-20179 5574 ± 31 3770-3580 Gron 2013a 
Ovis aries UBA-20320 4848 ± 41 3710-3530 Gron 2013a 
Table to show the recalibrated AMS C-14 radiocarbon dates from the kitchen midden using a local 
marine reservoir correction of 431 ± 42 years based on local marine mollusc data which was derived 
from a digital resource. The 14C measurements on chiefly the marine remains at the AMS 14C Dating 
Centre at the University of Aarhus had been corrected by 400 years (MRE mean reference value or 
global MRE) (Gordon and Harkness 1992; Ascough et al. 2004). 
 
 
  
55 
Holmegård human remains 
Initial identification and sorting of the excavated material was carried out in Denmark. 
In April 2014 the author visually surveyed the human bone samples to determine their 
suitability for bone collagen extraction and stable isotope analyses. The human remains 
were selected from the Holmegård collection in the stores at Moesgård Museum and 
taken to The University of York for analysis. In total, two human bone samples were 
selected from the inhumation burial at the kitchen midden (Chapter 2). In addition, two 
human bone samples were selected which were found outside of the grave cut in order 
to determine how many human individuals were represented in the assemblage. 
 
Sample HOL-1 was identified as a left femur (Figure 13) deriving from an adult male 
(Søren H. Andersen personal communication 2014). It had previously been sampled for 
AMS radiocarbon dating producing a date of 6057 ± 64 BP (OxA-533/K-3559)  
(Gillespie et al. 1984; Andersen et al. 1986).  
 
 
Figure 13: Sample HOL-1, a left femur from the inhumation burial prior to analysis. Note that the 
element had been previously sectioned for AMS radiocarbon dating (scale 10 cm). 
  
Sample HOL-2 was identified an indeterminate tibia deriving from the same adult male 
(Søren H. Andersen personal communication 2014). 
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Sample HOL-3 was identified as the distal portion of an ulna belonging to an 
adolescent/adult individual. It was recovered from outside of the inhumation burial 
(referred to as BA).  
 
Sample HOL-4 was identified as a proximal hand phalanx (3rd/4th digit) deriving from 
an adolescent/adult individual. Likewise it was recovered from outside of the grave 
(referred to as BA) cut.  
 
All four samples produced sufficiently well preserved collagen for reliable 
measurement and possessed C:N ratios that were within the acceptable range of 2.9-3.6 
(DeNiro 1985). 
 
The four human specimens analysed in this study that yielded reliable data had a narrow 
range in both their δ13C (-12.7 to -10.7‰) and δ15N values (15.6 to 16.2‰), indicating 
that the loose human remains found outside of the inhumation burial belonged to the 
same individual. They possessed a mean δ13C value of -11.4 ± 1.0‰, and a mean δ15N 
value of 16.0 ± 0.3‰. Indeed the mean δ13C value obtained in the present study is 
comparable with the mean δ13C value of -11.9‰ (n = 2) that was obtained previously 
through direct AMS radiocarbon dating (Gillespie et al. 1984; Andersen et al. 1986). It 
is suggested that the young adult buried at the kitchen midden had a δ13C value 
congruent with the consumption of marine resources, and in particular mammal protein 
higher up in the trophic hierarchy over the last 10 or so years of life (Schulting and 
Richards 2001; Schulting 2011). 
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Excavation 
number 
Laboratory 
number Taxa 
Anatomical part 
and ontogenetic 
age (TL) 
Grid 
square Quadrant 
Layer/ 
Level Plan 
BA HOL-1 Human M Femur, sin., adult     
BA HOL-2 Human M 
Tibia, 
indeterminate, 
adult 
    
iH HOL-3 Human 
Distal ulna, 
indeterminate, 
adolescent/adult 
VIII  60/70  
iJ HOL-4 Human 
Proximal hand 
phalanx, 2nd/3rd 
digit, 
indeterminate, 
adolescent/adult 
Test pit 
X  60/70  
Table to show the human remains sampled for carbon and nitrogen stable isotope analyses from the 
kitchen midden at Holmegård. Note that the table is sorted alphabetically by the excavation number.  
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Site name Sex 
Skeletal 
element and 
ontogenetic age 
δ13C  δ15N  C:N  Reference 
Coastal EBK 
Bøgebakken n. d.  -14.4 - - 
Albrethsen and Petersen 
1976; Tauber 1981a 
Bøgebakken n. d.  -15.3 - - 
Albrethsen and Petersen 
1976; Tauber 1981a 
Bøgebakken n. d.  -13.4 - - 
Albrethsen and Petersen 
1976; Tauber 1981a 
Dragsholm n. d.  -11.5 - - Tauber 1981a 
Dragsholm n. d.  -12.1 - - Tauber 1981a 
Dragsholm n. d. Mandible -11.7 14.5  Price et al. 2007 
Dragsholm ♀ Bone, 18 y -10.7 13.0 3.2 Price et al. 2007 
Dragsholm ♀ Bone, 40-50 y -11.5 13.8 3.3 Price et al. 2007 
Dyrholm n. d. Calvarium, juvenile -10.8 13.3 3.3 Fischer et al. 2007 
Ertebølle n. d. Tibia dxt., >25 y -15.2 13.3 3.2 Fischer et al. 2007 
Ertebølle n. d.  -16.5 - - Tauber 1973 
Henriksholm n. d.  -14.6 - - Rasmussen et al. 2009 
Henriksholm n. d.  -14.1 - - Rasmussen et al. 2009 
Holmegård ♂ Femur, sin., adult -11.9 - - Gillespie et al. 1984 
Holmegård ♂ Femur, sin., adult -11.9 - - Andersen et al. 1986 
Korsør Glasværk ♂ Os parietale sin., adult -11.3 14.2 3.2 Fischer et al. 2007 
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Site name Sex 
Skeletal 
element and 
ontogenetic age 
δ13C  δ15N  C:N  Reference 
Korsør Nor n. d. Tibia sin., 30-50 y -15.9 12.3 3.3 Fischer et al. 2007 
Maglemosegårds 
Vænge n. d.  -14.1 - - Noe-Nygaard 1988 
Melby ♂ Femur sin., adult >35 y -10.7 13.3 3.2 Fischer et al. 2007 
Melby n. d.  -13.7 - - Tauber 1981a 
Møllegabet n. d. Os sacrum -12.6 15.7 3.4 Fischer et al. 2007 
Møllegabet n. d.  -12.5 - - Rasmussen et al. 2009 
Nivågård  n. d.  -13.5 - - Jensen 2001 
Norsminde  n. d. Femur sin., 30-40 y -11.8 15.3 3.2 Fischer et al. 2007 
Norsminde  n. d.  -12.1 - - Andersen 1989, 1991 
Norsminde  n. d.  -14.9 - - Andersen 1989, 1991 
Norsminde  n. d.  -12.1 - - Rasmussen et al. 2009 
Rønbjerg n. d.  -14.3 - - Heinemeier et al. 1993 
Tybrind Vig ♀ Adult -17.6 8.5 3.7 Richards et al. 2003a; Tauber 1983 
Tybrind Vig ♀  -15.7 - - Andersen 1985 
Vængesø II n. d.  -11.2 - - Andersen et al. 1986 
Vængesø II n. d.  -11.1 - - Andersen et al. 1986 
Vængesø I n. d. Adult -11.7 15.3 3.2 Fischer et al. 2007 
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Site name Sex 
Skeletal 
element and 
ontogenetic age 
δ13C  δ15N  C:N  Reference 
Vedbæk 
Bøgebakken ♀ Adult, 40-50 y -14.5 11.3 3.0 
Fischer et al. 2007; 
Richards et al. 2003a; 
Tauber 1983 
Vedbæk 
Bøgebakken ♂ Adult -13.4 13.8 3.1 Richards et al. 2003a 
Vedbæk 
Bøgebakken ♂ Adult -15.0 11.9 3.2 
Fischer et al. 2007; 
Richards et al. 2003a; 
Tauber 1983 
Vedbæk 
Bøgebakken ♀ Adult, ~20 y -14.4 10.6 3.0 
Fischer et al. 2007; 
Richards et al. 2003a 
Vedbæk 
Bøgebakken ♂ Adult -13.6 13.0 3.1 Richards et al. 2003a 
Inland EBK 
Bodal K n. d. Humerus sin., adult -16.1 13.4 3.2 Fischer et al. 2007 
Bodal K n. d.  -15.7 - - Fischer 2003 
Coastal EBK/TRB 
Bjørnsholm n. d.  -20.4 - - Persson 1999 
Bjørnsholm n. d.  -19.6 - - Persson 1999 
Kassemose, 1908 n. d.  -19.7 - - Noe-Nygaard 1988 
Vængesø II ♀ Femur, adult -12.7 15.7 3.3 Fischer et al. 2007 
Vængesø II ♂ Costa, vertebra, 20-30 y -12.6 16.1 3.3 Fischer et al. 2007 
Inland EBK/TRB 
Tingbjerggård 
Vest ♀ Femur, adult -21.9 12.2 3.2 Fischer et al. 2007 
Coastal TRB 
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Site name Sex 
Skeletal 
element and 
ontogenetic age 
δ13C  δ15N  C:N  Reference 
Bjørnsholm ♀ Adult -19.7 9.5 3.2 Fischer et al. 2007 
Bjørnsholm ♂ Adult -19.8 10.2 3.3 Fischer et al. 2007 
Bjørnsholm n. d.  -20.4 - - Rasmussen et al. 2009 
Bjørnsholm n. d.  -19.6 - - Rasmussen et al. 2009 
Bjørnsholm  n. d. Juvenile -20.9 7.4 3.2 Fischer et al. 2007 
Dragsholm n. d.  -21.7 - - Tauber 1981 
Dragsholm n. d. Bone -19.6 10.4 3.3 Price et al. 2007 
Flynderhage n. d.  -10.9 - - 
Copenhagen laboratory 
files 
Kainsbakke n. d.  -18.7 - - Noe-Nygaard 1988 
Kassemose ♂ Femur sin., adult -20.5 8.9 3.2 Fischer et al. 2007 
Lohals n. d.  -19.3 - - Tauber 1981b 
Pandebjerg n. d. Mandibular -18.8 11.4 3.3 Fischer et al. 2007 
Rødhals  ♂ Femur dxt., ~25 y -11.7 12.7 3.2 Fischer et al. 2007 
Segerø n. d.  -12.2 - - 
Copenhagen laboratory 
files 
Inland TRB 
Aldersro ♀ Adult -20.7 7.5 3.2 
Richards and Koch 
2001; Richards et al. 
2003a 
Aldersro ♀ Adult -19.5 8.0 3.2 
Richards and Koch 
2001; Richards et al. 
2003a 
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Site name Sex 
Skeletal 
element and 
ontogenetic age 
δ13C  δ15N  C:N  Reference 
Aldersro ♂ Adult -19.7 8.0 3.3 
Richards and Koch 
2001; Richards et al. 
2003a 
Aldersro n. d. Child, 3-5 y -20.0 8.7 3.2 
Richards and Koch 
2001; Richards et al. 
2003a 
Aldersro n. d. Child, 5-7 y -20.2 6.3 3.2 
Richards and Koch 
2001; Richards et al. 
2003a 
Aldersro n. d. Adult -19.6 9.3 3.3 
Richards and Koch 
2001; Richards et al. 
2003a 
Aldersro n. d. Adult - - - 
Richards and Koch 
2001; Richards et al. 
2003a 
Aldersro n. d. Adult -20.0 8.7 3.2 
Richards and Koch 
2001; Richards et al. 
2003a 
Aldersro n. d. Adult -19.2 9.0 3.2 
Richards and Koch 
2001; Richards et al. 
2003a 
Aldersro X621 n. d. Femur dxt., adult -20.1 8.5 3.4 Fischer et al. 2007 
Aldersro X622 n. d. Femur dxt., adult -20.1 9.3 3.3 Fischer et al. 2007 
Bodal K ♂ Tibia sin., adult -21.5 9.7 3.4 Fischer et al. 2007 
Bodal Mose ♂ Adult -20.8 8.0 3.2 
Fischer et al. 2007; 
Koch 1998; Richards 
and Koch 2001 
Boelkilde ♂ Femur dxt., >30 y -19.7 12.0 3.2 Fischer et al. 2007 
Ferle Enge ♀ Tibia sin., 25-35 y -22.6 9.3 3.4 Fischer et al. 2007 
Føllenslev ♂ Femur sin, adult -20.7 9.4 3.3 Fischer et al. 2007 
Hallebygård ♂ Femur dxt., adult -21.1 9.9 3.3 Fischer et al. 2007 
Hesselbjerggårds 
Mose n. d. 
Os frontale, 
adult -20.5 9.8 3.2 Fischer et al. 2007 
Hulbjerg n. d. Femur -20.8 10.6 3.3 Fischer et al. 2007 
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Site name Sex 
Skeletal 
element and 
ontogenetic age 
δ13C  δ15N  C:N  Reference 
Jorløse Mose ♂ Tibia sin., 30-40 y -20.5 10.8 3.5 Fischer et al. 2007 
Klokkehøj n. d. Costae and os coxa, adult -19.7 9.7 3.4 Fischer et al. 2007 
Klokkehøj n. d. Femur dxt., adult -20.2 9.6 3.2 Fischer et al. 2007 
Klokkehøj n. d. Femur, adult -20.1 9.2 3.4 Fischer et al. 2007 
Klokkehøj n. d.  -18.2 - - Tauber 1981 
Klokkehøj n. d.  -18.7 - - Tauber 1981 
Klokkehøj n. d.  -19.2 - - Tauber 1981 
Klokkehøj n. d.  -19.9 - - Tauber 1981 
Nissehøj n. d. Fibula dxt. -20.3 8.4 3.2 Fischer et al. 2007 
Øgårde boat III ♂ Adult -20.1 9.2 3.2 Fischer et al. 2007 
Østrup homo II n. d. Femur sin., 35-45 y -19.4 10.5 3.3 Fischer et al. 2007 
Østrup Mose ♀ Adult -19.6 9.9 3.2 
Fischer et al. 2007; 
Koch 1998; Richards 
and Koch 2001 
Østrup Mose ♂ Adult -20.4 10.0 3.3 
Fischer et al. 2007; 
Koch 1998; Richards 
and Koch 2001 
Porsmose ♂ Costae, 35-40 y -20.4 8.6 3.1 Fischer et al. 2007 
Sigersdal A ♀ Costae, 18-20 y -20.4 10.0 3.3 Fischer et al. 2007 
Sigersdal B ♀ Costae and pes., 16 y -19.2 10.5 3.3 Fischer et al. 2007 
Tagmosegård n. d. Femur dxt., 7-8 y -22.4 8.9 3.3 Fischer et al. 2007 
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Site name Sex 
Skeletal 
element and 
ontogenetic age 
δ13C  δ15N  C:N  Reference 
Trudstrupgård ♂ Os coxa dxt., 40-50 y -20.7 9.5 3.3 Fischer et al. 2007 
Trudstrupgård 2 ♂ Femur dxt., adult -19.9 9.3 3.1 Fischer et al. 2007 
Ulkestrup Lyng  n. d. Cranium, juvenile/adult -20.1 9.2 3.1 Fischer et al. 2007 
Undløse 
(Vængegård)  ♀ Adult -20.3 8.2 3.3 
Fischer et al. 2007; 
Koch 1998; Richards 
and Koch 2001 
Veksø Mose ♀ Femur sin., 30-40 y -20.5 9.6 3.3 Fischer et al. 2007 
Carbon and nitrogen stable isotope data obtained from human bone collagen dating to the EBK and TRB 
cultures of Denmark that are presently available in the literature. The coastal sites are <100 m from the 
modern day beach. Note that for the majority of the earlier studies the %C and %N are not reported, 
consequently the C:N ratios are unknown. Key: no data, n. d.    
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Appendix 3: Additional data pertaining to Chapter 4  
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The individual sites 
Bjørnsholm (2911) 
In total 23-oyster shell samples deriving from in situ contexts throughout the kitchen 
midden were taken during the excavations. Seventeen of the samples (i.e. those starting 
with ‘Z’) have been dated to the EBK whereas GAS and 2911 to the TRB. Sample 2911 
was removed from grid square D2 and included five layers. Initial sorting of the 
samples was undertaken in Denmark. Nicky Milner and Søren H. Andersen selected 
them from the archives at Moesgård Museum in 2000.  
 
Of the 232 oysters analysed, 177 are from deposits dating to the EBK, and 55 from the 
TRB. The majority of the oysters (n = 226) were measured, but only 125 could be aged. 
Of the 232 thin sections, 131 (56.5%) produced results. The other 101 thin sections 
were either unsuccessful during the manufacturing process or were noted as unreadable 
for seasonality assessment during the microscopic analysis. This percentage (43.5%) is 
high. However, it is mainly the oyster shell samples from the EBK that have skewed the 
results, albeit a larger sample size, since they represent 71.3% of the unsuccessful and 
unreadable thin sections (Table 1). These shells were excavated from the lower deposits 
of the midden sequence, and bore the full weight of the matrices above them. 
 
Brovst (1586) 
One oyster shell sample (KFK) was removed during the excavations at the Brovst 
kitchen midden. Sample KFK derived from layer four that has been AMS radiocarbon 
dated to the EBK. Layer four consisted of a collation of individual shell heaps that 
included oysters, cockles, mussels and periwinkles as well as re-deposited sand 
following a marine transgression (Tauber 1973). Initial sorting of the samples was 
undertaken in Denmark. Nicky Milner and Søren H. Andersen selected them from the 
archives at Moesgård Museum in 2010. In total 22 oysters were catalogued.  
 
Although the intention was to have 20 readable thin sections, only 18 shells were thin 
sectioned since four were broken, highly fragmented or incomplete. Indeed only six 
valves were complete. They were very small and comparable with the oysters from the 
Ertebølle kitchen midden.  
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Sample Culture Unsuccessful thin sections 
Unreadable thin 
sections 
Readable thin 
sections Totals 
ZQG EBK 1 3 7 11 
ZQL EBK 0 1 4 5 
ZQQ EBK 11 5 10 26 
ZQT EBK 10 3 12 25 
ZQX EBK 8 2 11 21 
ZRB EBK 1 4 5 10 
ZRH EBK 1 1 3 5 
ZRR EBK 6 1 14 21 
ZSD EBK 1 0 11 12 
ZSQ EBK 2 2 1 5 
ZSV EBK 0 1 10 11 
ZST EBK 0 1 0 1 
ZTB EBK 0 0 9 9 
ZTJ EBK 0 2 3 5 
ZTO EBK 0 1 3 4 
ZUT EBK 0 0 2 2 
ZVZ EBK 2 2 0 4 
GAS TRB 4 5 4 13 
2911 (2) TRB 1 1 4 6 
2911 (3) TRB 0 1 9 10 
2911 (4) TRB 5 3 0 8 
2911 (6) TRB 0 6 2 8 
2911 (7) TRB 0 3 7 10 
Totals   53 48 131 232 
Table 1: Successful and unsuccessful thin section figures for Bjørnsholm. 
 
All 22 oysters were measured, but only 13 could be aged. Of the 18 thin sections, 9 
(50%) produced results (Table 2). Eight of the thin sections were noted as unreadable 
for seasonality assessment during the microscopic analysis, whereas one was 
unsuccessful during the manufacturing process. Since the shells were, in general, highly 
fragmented or incomplete, this percentage (50%) is not surprising. The size and age 
measurements demonstrated that the oysters had a mean hinge length of 7.4 ± 2.8 mm 
(n = 22), and were 2.9 ± 1.4 years old (n = 13). 
 
Sample Unsuccessful thin sections 
Unreadable thin 
sections Readable thin sections Total 
KFK 1 8 9 18 
Table 2: Successful and unsuccessful thin section figures for Brovst.  
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Dyngby I (3954) 
In total three-oyster shell samples were excavated from two in situ sampling points 
throughout the kitchen midden in 1997 by Milner (2002a). They were selected 
according to their location within the kitchen midden as well as the possibility of 
deriving from different collection events. To add, 36 shells were collected from the 
spoil heaps by Søren H. Andersen; they are to be considered a random sample. Sample 
one (DAJ) was removed from a section in the centre of the kitchen midden. A total of 
19 oysters were excavated from an area that measured 60 cm in length with a maximum 
depth of 15 cm. Samples two (DAV) and three (DAW) were removed from the bottom 
and top layers of an exposed section. They were separated by ca. 30 cm. Milner (2002a) 
stated that there were more cockles in this section compared to the area where sample 
one was removed, perhaps reflecting a single collection episode. In addition, towards 
the top of the midden sequence, mussels replaced cockles in relative frequency. The 
oysters were larger in sample two, although only 14 were sampled. During her sampling 
Milner (2002a) noted that the shells in the top layers (i.e. sample three) were very 
young, perhaps only one or two years old, as such numerous oysters were removed 
since there may have been issues during the thin section manufacturing process (Milner 
2002a). Furthermore, Milner (2002a) noted that those oysters deriving from lower down 
in the midden sequence were smaller compared to those from the Norsminde and 
Visborg kitchen middens, whereas those higher up became even smaller. Sample four 
represented the random sample mentioned above (Milner 2002a). Despite the aim to 
produce at least 10 interpretable thin sections from each sample group, this could not be 
achieved. A total of 33 shells were thin sectioned. 
 
All 33 oysters selected for analysis are dated to the EBK. Of the 33 oysters, 21 (63.6%) 
produced results. All 33 shells were measured, but only 25 could be aged. The other 12 
thin sections were either unsuccessful during the manufacturing process or were noted 
as unreadable for seasonality assessment during the microscopic analysis (Table 3). 
This percentage (36.4%) was noted as fairly high (Milner 2002a). Since the majority of 
the oysters from Dyngby I were small, and thus more fragile they were much harder to 
thin section. In addition, iron oxide staining was present on the shells, an indication that 
they had been waterlogged. The size and age measurements demonstrated that the 
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oysters had a mean hinge length of 6.0 ± 1.5 mm (n = 33), and were 2.2 ± 0.8 years old 
(n = 25) (Milner 2002a).  
 
Sample Catalogued Selected Discarded Readable thin sections 
One (DAJ) 19 9 1 8 
Two (DAV) 14 7 1 6 
Three (DAW) 24 7 4 3 
Four (Random) 36 10 6 4 
Totals 93 33 12 21 
Table 3: Successful and unsuccessful thin section figures for Dyngby I (after Milner 2002a).  
 
Dyngby III (4339) 
In 2003 Nicky Milner excavated a total of four-oyster shell samples from different in 
situ sections throughout the shell-bearing site. The sampling strategy was based on 
location within the site as well as the possibility of deriving from different collection 
episodes. The samples were taken from four different squares following the prehistoric 
coastline (Andersen personal communication 2013). Sample A derived from the eastern 
section of grid square 23/19. Sample B was excavated from the southern section of grid 
square 19/21. Sample C was taken from the northern section of grid square 26/20. 
Sample D was removed from the western section of grid square 21/22. 
 
All 56 oysters selected for analysis are dated to the EBK. Of the 56 oysters, 19 (33.9%) 
produced results. Twenty oysters were measured and 19 could be aged. The other 37 
thin sections were either unsuccessful during the manufacturing process or were noted 
as unreadable for seasonality assessment during the microscopic analysis (Table 4). 
This percentage (66.1%) is high. The size and age measurements demonstrated that the 
oysters had a mean hinge length of 5.7 ± 1.3 mm (n = 20), and were 2.4 ± 1.0 years old 
(n = 19). 
 
Sample Unsuccessful thin sections 
Unreadable thin 
sections Readable thin sections Totals 
D3A 8 0 4 12 
D3B 5 0 2 7 
D3C 6 2 3 11 
D3D 15 1 10 26 
Totals 34 3 19 56 
 Table 4: Successful and unsuccessful thin section figures for Dyngby III.  
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Ertebølle (2168) 
Owing to the meticulous excavations at the kitchen midden, a number of column 
samples were excavated and removed for further research (Andersen and Johansen 
1986; Enghoff 1986; Petersen 1986). The J-column (dimensions: 20 x 20 x 186 cm) was 
taken from the southern section in square J and transported to Moesgård Museum for 
the purpose of shellfish examination (Petersen 1986). The column sample was divided 
into 26 layers, (that are also referred to as levels, samples, or spits), as far as possible 
following the geological layers in the trench, otherwise with arbitrary intervals of 5 cm 
(Enghoff 1986). Layers J1-J6 are a mixture of secondary pits, plough soil or modern 
disturbances. Layer J7 is thus the first in situ layer of the column, and demarcates the 
top of the shell matrices, whereas layer J26 is just above the surface of the morainic 
subsoil (Andersen personal communication 2013). 
 
Column J was partly published by Petersen (1986), although it had not been subjected 
to any additional analyses. The initial analysis demonstrated that the oyster was the 
predominant species throughout the midden sequence. Based on the direct AMS 
radiocarbon dates available, it was found that the column covered three generalised 
accumulation sequences: the earliest layers are dated from ca. 5100-4700 cal BC, the 
intermediate layers are dated from ca. 4700-4400 cal BC, and the youngest layers are 
dated from ca. 4400-4100 cal BC (Andersen 2000a; Andersen and Johansen 1986). 
Furthermore, the aforementioned data demonstrated that the accumulation process had 
taken place in both a horizontal and vertical direction. Lastly, between 25-30 individual 
shell deposits were identified, the smallest unit being ca. 3-5 x 3-5 m (Andersen and 
Johansen 1986). 
 
The sampling strategy for the oyster shells from Ertebølle was largely dependant upon 
the numbers available, as well as how many thin sections could be made. In 2010 Nicky 
Milner with Søren H. Andersen collected the oyster shells from the archives at 
Moesgård Museum. In order to investigate diachronic variation throughout a secure 
midden sequence a total of 16 out of the 26 identified layers were sampled from column 
J. It was considered that a sample size of approximately 150 thin sections would be 
sufficient to ascertain the season of death and size/age of oysters from the locus 
classicus of the EBK, as well as providing an indication of the patterns and changes in 
seasonal consumption practices, in the region of 1000 radiocarbon years (Andersen 
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2000a, personal communication 2012, Andersen and Johansen 1986). To add, 27 shells 
were collected from the archives at Moesgård Museum; they are to be considered a 
random sample. Due to the sampling strategy it is not possible to investigate spatial 
variation although comparison between the two samples can be made.  
 
In general the oysters from Ertebølle are noticeably smaller compared to the EBK shells 
from Havnø. In addition, the oysters were extremely fragmentary that is likely to be a 
result of post depositional processes. In total, 167 shells were catalogued. Since 
complete upper (i.e. right) valves were favoured, 156 oysters were selected for thin 
sectioning (Table 5). 
 
All of the oysters selected for analysis are dated to the EBK. The majority (n = 129) 
derived from column J, whereas the remainder (n = 27) originated from the random 
sample. The majority of the oysters (n = 139) were measured, but only 94 could be 
aged. Of the 156 thin sections, 80 (51.3%) produced results. The other 76 were either 
unsuccessful during the manufacturing process or were noted as unreadable for 
seasonality assessment during the microscopic analysis (Table 6). Due to the fragility of 
the oyster shells, they proved quite difficult to thin section. In spite of an additional 
application of resin on the oyster shell tips before cutting, as well as further 
impregnation in resin, this percentage (48.7%) is high compared with previous studies 
(Laurie 2008; Milner 2001a, 2002a; Milner and Laurie 2006, 2009). However, the 
oysters from the higher layers of the midden sequence did not skew the results that were 
contradictory when compared with Havnø. Since multiple shells split before and during 
thin sectioning it is plausible that the percolation of rainwater or waterlogging could 
have occurred at Ertebølle (see Petersen 1986 for contradictory evidence). In support of 
the above, it has been demonstrated that inundation destroys the conchiolin matrix that 
holds the calcium carbonate and aragonite together (Milner 2002a). 
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Sample Layer Number of oyster shells catalogued Number of oyster shells sectioned 
Random n/a 27 27 
J-column 7 5 5 
J-column 8 5 5 
J-column 10 1 1 
J-column 11 7 7 
J-column 12 7 7 
J-column 14 17 10 
J-column 15 8 8 
J-column 18 8 8 
J-column 19 14 10 
J-column 20 10 10 
J-column 21 10 10 
J-column 22 10 10 
J-column 23 10 10 
J-column 24 18 18 
J-column 25 4 4 
J-column 26 6 6 
Totals   167 156 
Table 5: Table to show the oyster shell samples from the kitchen midden at Ertebølle.  
 
Layer/sample Unsuccessful thin sections 
Unreadable thin 
sections 
Readable thin 
sections Totals 
7 4 0 1 5 
8 1 1 3 5 
10 0 1 0 1 
11 0 2 5 7 
12 2 2 3 7 
14 0 1 9 10 
15 2 5 1 8 
18 1 2 5 8 
19 0 5 5 10 
20 0 3 7 10 
21 3 3 4 10 
22 0 6 4 10 
23 1 5 4 10 
24 3 8 7 18 
25 1 1 2 4 
26 0 2 4 6 
Random 0 11 16 27 
Totals 18 58 80 156 
Table 6: Successful and unsuccessful thin section figures for Ertebølle.  
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Eskelund (1116) 
In total 27 oysters were sampled from the kitchen midden. Since the context of the 
shells from Eskelund was unknown, they are to be considered a random sample (Milner 
2002a). In total 20 shells were thin sectioned.  
 
All 20 oysters selected for analysis are dated to the EBK. Despite the aim to produce at 
least 20 interpretable thin sections from Eskelund, this could not be achieved. Of the 20 
shells, 15 (75%) produced results. All 20 valves were measured whereas only 16 could 
be aged. The other five thin sections were either unsuccessful during the manufacturing 
process or were noted as unreadable for seasonality assessment during the microscopic 
analysis (Table 7). This percentage (25%) is not surprising given the nature of sampling. 
The size and age measurements demonstrated that the oysters had a mean hinge length 
of 7.9 ± 2.2 mm (n = 20), and were 2.8 ± 0.8 years old (n = 16) (Milner 2002a).  
 
Sample Catalogued Selected Discarded Readable thin sections 
Random 27 20 5 15 
Table 7: Successful and unsuccessful thin section figures for Eskelund (after Milner 2002a). 
 
Eskilsø 
During the excavation of a section through the kitchen midden, Søren Sørensen 
removed 202 oyster shell samples from seven different in situ layers (Table 8). Initial 
sorting of the excavated material was undertaken in Denmark, and they were sent to The 
University of York in 2001.  
 
The sampling strategy for the oyster shells was largely dependent upon the numbers 
available, as well as how many thin sections could be made taking into account their 
location within the kitchen midden and their relative age. Of the shells received, 130 
were selected for thin sectioning. 
 
In general the oysters from Eskilsø are fairly large and comparable with those from 
Havnø, Kalvø, Krabbesholm II, Lystrup Enge and Visborg (Laurie 2008; Milner 2001a, 
2002a, 2013; Milner and Laurie 2006). In addition, it is very obvious that the shells get 
smaller in size over time: those at the bottom of the midden sequence are much larger 
than those at the top. The colour of the shells and external characteristics were difficult 
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to assess. Although some colour was observed during sample preparation, (for instance 
black, brown or orange streaks) many had leached to white when dry. Some of the 
oysters had been burnt whereas others possessed boring and wormholes (Milner 2002a).  
 
Sample (layer) Number of oyster shells catalogued Number of oyster shells sampled Culture 
A 23 20 EBK 
B (10 + 14) 63 20 TRB 
C (11) 28 20 EBK 
D (12) 15 15 EBK 
E  27 20 EBK 
F (2) 28 20 EBK 
G (6) 18 15 EBK 
Totals 202 130   
Table 8: Eskilsø sample reference numbers.  
 
Of the 130 oysters analysed, 110 are from deposits dating to the EBK with the 
remaining 20 from the TRB. The majority (n = 121) were measured, but only 104 could 
be aged. Of the 130 thin sections, 102 (78.5%) produced results. The other 28 were 
either unsuccessful during the manufacturing process or were noted as unreadable for 
seasonality assessment during the microscopic analysis (Table 9). This percentage 
(21.5%) is low and similar to the discard rate reported by Milner (2002a).  
 
Holmegård (1532) 
Since the context of the shells from Holmegård was unknown, they are to be considered 
a random sample. Initial sorting was undertaken in Denmark. In 2010 Nicky Milner 
with Søren H. Andersen collected the oysters from the archives at Moesgård Museum. 
In general the Holmegård shells are not very well preserved. Many are incomplete 
valves or have broken hinge tips. The majority possessed adhering residue that is 
similar in composition and colour to those oysters from the ‘oyster concrete’ layers at 
Havnø; i.e. those from Holmegård could have derived from lower down in the midden 
sequence. They were reasonably small and similar to the shells sectioned from Brovst, 
Ertebølle, Kalvø and Tybrind Vig. In addition, some of the valves had evidence of 
having been burnt. In total 46 oysters were catalogued, however, only 32 were selected 
for thin sectioning. 
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All 32 oysters selected for analysis are dated to the EBK. Of the 32 oysters, 17 (53.1%) 
produced results. The majority of the oysters (n = 25) were measured, but only 14 could 
be aged. The other 15 were either unsuccessful during the manufacturing process or 
were noted as unreadable for seasonality assessment during the microscopic analysis 
(Table 10). This percentage (46.9%) is high compared with previous studies (Laurie 
2008; Milner 2001a, 2002a; Milner and Laurie 2006, 2009). The size and age 
measurements demonstrated that the oysters had a mean hinge length of 6.2 ± 1.4 mm 
(n = 25), and were 1.9 ± 1.0 years old (n = 14). 
 
Sample (layer) Unsuccessful thin sections 
Unreadable thin 
sections 
Readable thin 
sections Totals 
A 2   18 20 
B (10 + 14) 2 2 16 20 
C (11) 2 1 17 20 
D (12) 2 2 11 15 
E  5   15 20 
F (2) 3 4 13 20 
G (6) 2 1 12 15 
Totals 18 10 102 130 
Table 9: Successful and unsuccessful thin section figures for Eskilsø.  
 
Sample Unsuccessful thin sections 
Unreadable thin 
sections 
Readable thin 
sections Total 
Random 0 15 17 32 
Table 10: Successful and unsuccessful thin section figures for Holmegård.  
 
Kalvø (1395) 
Since the context of the shells from the kitchen midden at Kalvø was unknown, they are 
to be considered a random sample. Initial sorting was undertaken in Denmark. In 2010 
Nicky Milner with Søren H. Andersen collected the oysters from the archives at 
Moesgård Museum. In general the Kalvø shells are not very well preserved. Since many 
are broken and/or incomplete, the measurements are unlikely to be representative. The 
majority had adhering matrix on both the exterior and interior of the valve that was 
similar to the oysters from Havnø and Holmegård, and thus could have derived from 
lower down in the midden sequence. They were reasonably small and similar to the 
shells from Brovst, Ertebølle, Holmegård and Tybrind Vig. One (KØ23) had orange 
staining that was present on the interior of the valve. In addition one (KØ32) had been 
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heavily burnt. In total 33 oysters were catalogued, and all were selected for thin 
sectioning.  
 
All 33 oysters selected for analysis are dated to the SGC. Of the 33 oysters, 26 (78.7%) 
produced results. All of the oysters were measured, and the majority (n = 25) could be 
aged. The other seven were either unsuccessful during the manufacturing process or 
were noted as unreadable for seasonality assessment during the microscopic analysis 
(Table 11). This percentage (21.3%) is low and similar to the discard rate reported by 
Milner (2002a). The high success rate is likely to be a direct result of the relative age of 
the oysters (i.e. middle Neolithic). The size and age measurements demonstrated that 
the oysters had a mean hinge length of 9.3 ± 2.2 mm (n = 33), and were 3.4 ± 1.0 years 
old (n = 25). 
 
Sample Unsuccessful thin sections 
Unreadable thin 
sections Readable thin sections Total 
Random 2 5 26 33 
Table 11: Successful and unsuccessful thin section figures for Kalvø. 
 
Krabbesholm II (4383) 
There have been two seasonality studies on oysters from Krabbesholm II. The first was 
undertaken on shells removed from an exposed section, which was published as a 
preliminary report (Milner 2001a). The second was carried out on shells derived from a 
complete column sample through the midden sequence. It was likewise published as a 
preliminary report (Milner and Laurie 2006) although has recently been published by 
Milner (2013). For the first time both studies have been amalgamated, compared, and 
re-analysed. 
 
In 2000 Nicky Milner excavated five-oyster shell samples from the Krabbesholm II. 
The oysters were extracted from five layers from the section of a previously excavated 
test pit through the midden sequence, located in grid square 105/100. Shells were taken 
from the exposed section from an area measuring 0.5 m across that is similar to a 
column sample (Milner 2001a). Initial sorting was undertaken in Denmark, and they 
were taken to The University of Newcastle for analysis. 
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Two samples were removed from layer J. Sample one was removed from the top of 
layer J. Oysters were selected from a compacted and fragmented deposit that was 
approximately 5 cm deep. In total 20 oysters were sampled, all were complete and small 
in size. Sample two was taken from underneath sample one. A total of 14 shells were 
sampled, they were slightly larger and all were intact. 
 
Sample four was extracted from layer W. The shells were more crushed and fragmented 
in this layer, and there were fewer numbers of oysters that were smaller in size. In total 
14 oysters were sampled given the paucity of shells in this layer.     
   
Sample five was taken from layer Y. In this layer mussels dominated, only a few 
oysters were identified. A total of 14 small oysters were sampled.  
 
Sample six was removed from the unexcavated portion of the test pit. In this layer the 
shells were larger and more intact. In total 38 oysters were sampled.  
 
In 2004 Nicky Milner excavated a complete column sample (7737) through the kitchen 
midden sequence from grid square 104/100 (Milner and Laurie 2006). The column 
sample measuring 0.5 x 0.5 m was located in the lower part of the eastern section 
(Laurie 2008). Seventeen layers were identified that were excavated by context (Figure 
1). The layers were divided according to changes in the matrices, including shell 
content, colour, soil consistency and inclusions (Laurie 2008; Milner 2013; Milner and 
Laurie 2006). Oysters were extracted during the excavation of each layer (Milner 2013). 
Initial sorting was undertaken in Denmark and the material was taken to The University 
of York for further molluscan analysis (Laurie 2008; Milner 2013; Milner and Laurie 
2006). In total 168 oysters were sampled.  
 
Figure 1: Photograph of column sample 7737 prior to 
excavation (photograph by Nicky Milner).  
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Layer one was identified as the natural topsoil above the kitchen midden. No oysters 
were sampled from this layer. 
 
Layer two represented the top of the kitchen midden. In this layer oysters and 
periwinkles dominated although a wide variety of species were identified (Laurie 2008; 
Milner and Laurie 2006). A total of 14 oysters were sampled. The layer has been dated 
to the early and middle TRB (ca. 3600-3100 cal BC). 
 
Layer three was excavated as an arbitrary spit that was roughly similar to layer two. 
There were slightly more mussels in this layer (Laurie 2008; Milner and Laurie 2006). 
A total of 16 oysters were sampled. The layer has been dated to the early and middle 
TRB (ca. 3600-3100 cal BC). 
 
Layer four was a thin mussel layer although some oysters were present. In total three 
shells were sampled. The layer has been dated to the early and middle TRB (ca. 3600-
3100 cal BC). 
 
Layer five was a mixed oyster and mussel layer although other species of molluscs were 
present. The majority of the oysters were complete meaning that fragmentation was 
minimal. Some of the oysters had matching valves (Milner and Laurie 2006). A total of 
18 oysters were sampled. The layer has been dated to the early TRB (ca. 3700-3600 cal 
BC). 
 
Mussels were the dominant species in layer six, although periwinkles and oysters were 
also present. In total 11 oysters were sampled. The layer has been dated to the early 
TRB (ca. 3900-3700 cal BC). 
 
Since cockles dominated layer seven only six oysters were sampled. The layer has been 
dated to the early TRB (ca. 3900-3700 cal BC). 
 
Layer eight was a thin mussel layer interspersed with soil as well as oysters (Laurie 
2008; Milner and Laurie 2006). Complete shells were present although there was a 
degree of fragmentation. A total of 15 oysters were sampled. The layer has been dated 
to the early TRB (ca. 3900-3700 cal BC). 
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Layer nine consisted of thin and fragmented shells that were orange in colour. No 
oysters were sampled. 
 
Layer 10 composed of fragmentary shells that were interspersed with charcoal (Laurie 
2008; Milner and Laurie 2006). Oysters were the dominant species, many of which 
were small. In total 16 oysters were sampled. The layer has been dated to the early TRB 
(ca. 3900-3700 cal BC). 
 
Layer 11 was a thin soil layer that was dark brown in colour. A number of different 
species were present, the majority of which were highly fragmented. Only five oysters 
were sampled. The layer has been dated to the early TRB (ca. 3900-3700 cal BC). 
 
Layer 12 was composed primarily of oysters, although other species were present. 
Many were intact and visually larger. A total of 18 oysters were sampled. The layer has 
been dated to the early TRB (ca. 3900-3700 cal BC). 
 
Layer 13 was an arbitrary layer that was similar to layer 12 with oysters dominating. 
The shells were largely complete. In total 14 oysters were sampled. This layer has been 
dated to the early TRB (ca. 3900-3700 cal BC). 
 
Layer 14 was another cleaning layer. A total of 10 oysters were sampled. The layer has 
been dated to the early TRB (ca. 3900 cal BC). 
Layer 15 was a thick deposit of brown sandy soil with soil inclusions, and some 
bioturbation in the form of roots (Laurie 2008; Milner and Laurie 2006). There were 
few shells, and of these cockles dominated. As such only one oyster was sampled. The 
layer has been dated to the EBK/TRB transition given the presence of material from 
both cultures (ca. 3950 cal BC). 
 
Layer 16 was a thin oyster layer in a soil matrix. Oysters dominated this layer although 
other species were present. Many oysters were complete. In total 21 oysters were 
sampled. The layer has been dated to the EBK.  
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Layer 17 was a final cleaning layer between the bottom of the midden and the natural 
morainic sand underneath. Since only five oysters were identified they were not 
sampled. 
 
Since the column sample was excavated from the adjacent grid square to the exposed 
section, the data can be compared. In study one (Milner 2001a) the samples were 
assigned alphabetically. However comparison between the two section drawings has 
demonstrated that the five samples are equivalent to the layers of column sample 7737: 
sample one to layer two; sample two to layer five; sample four to layer six; sample five 
to layer 10, and sample six to layer 12. In the following section the results are firstly 
presented by study and then they have been amalgamated. 
 
In the first study all 100 oysters selected for analysis were dated to the TRB. Samples 
four to six have been dated to the early TRB (ca. 3900-3700 cal BC), whereas samples 
one and two from the early to middle TRB (ca. 3600-3100 cal BC). Of the 100 oysters, 
59 (59%) produced results. The majority (n = 90) were measured, but only 59 could be 
aged. Seven were unsuccessful during the manufacturing process, whereas 34 were 
noted as unreadable for seasonality assessment during the microscopic analysis (Table 
12). This percentage (41%) is higher than the discard rate reported by Milner (2002a) 
although is probably attributable to the sampling strategy. 
 
Sample Unsuccessful thin sections 
Unreadable thin 
sections Readable thin sections Totals 
One 0 5 15 20 
Two 0 8 6 14 
Four 7 2 5 14 
Five 0 7 7 14 
Six 0 12 26 38 
 Totals 7 34 59 100 
Table 12: Successful and unsuccessful thin section figures for the first Krabbesholm II study.  
 
In comparison with other Danish kitchen middens on Jutland, only one EBK layer (16) 
was identified in column 7737. Consequently there is only a snapshot of collection 
events deriving from this culture (Milner 2013). Layer 15 has been interpreted as a 
transitional layer whereby both EBK and TRB material culture was identified (Laurie 
2008; Milner and Laurie 2006). Layer 14 was a thin cleaning layer and included few 
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shells. Layers 14 to six have been dated to the early TRB (ca. 3900-3700 cal BC), 
whereas layers five to two from the early to middle TRB (ca. 3600-3100 cal BC) 
(Milner 2013).  
 
Of the 168 oysters selected for analysis in the second study, 21 were dated to the EBK, 
and one to the EBK/TRB transition. The majority (n = 95) were dated to the early TRB, 
whereas the remainder (n = 51) from the early to middle TRB. Of the 168 oysters, 114 
(67.9%) produced results. The majority (n = 166) were measured, but only 126 could be 
aged. Five were unsuccessful during the manufacturing process, whereas 49 were noted 
as unreadable for seasonality assessment during the microscopic analysis (Table 13). 
This percentage (32.1%) is slightly higher than the discard rate reported by Milner 
(2002a) and lower than the first study (Milner 2001a). 
 
Layer  Unsuccessful thin sections 
Unreadable thin 
sections Readable thin sections Totals 
2 0 4 10 14 
3 1 3 12 16 
4 0 0 3 3 
5 0 10 8 18 
6 4 1 6 11 
7 0 3 3 6 
8 0 5 10 15 
10 0 6 10 16 
11 0 0 5 5 
12 0 6 12 18 
13 0 4 10 14 
14 0 2 8 10 
15 0 0 1 1 
16 0 5 16 21 
Totals 5 49 114 168 
Table 13: Successful and unsuccessful thin section figures for the second Krabbesholm II study.  
 
Lystrup Enge (2718) 
In total 19 oysters were sampled from the kitchen midden. Since the context of the 
shells from Lystrup Enge was unknown, they are to be considered a random sample 
(Milner 2002a). In total 13 shells were thin sectioned since six were noted as very 
fragmentary and powdery which Milner (2002a) attributed to their relative age and 
staining by iron oxide precipitate. 
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All of the oysters selected for analysis are dated to either the K or EBK. Of the 13 
shells, four (30.8%) produced results. Eleven valves were measured but only 3 could be 
aged, and of these two were tentative. The other nine thin sections were either 
unsuccessful during the manufacturing process or were noted as unreadable for 
seasonality assessment during the microscopic analysis (Table 14). This percentage 
(69.2%) is high though not surprising given the nature of sampling. Under the 
microscope the incremental growth lines were noted as being tinged with orange. In 
light of the above, it would appear that Lystrup Enge had been waterlogged at some 
stage since initial sample deposition (Milner 2002a). The size and age measurements 
demonstrated that the oysters had a mean hinge length of 9.2 ± 3.2 mm (n = 11), and 
were 3.3 ± 1.5 years old (n = 3) (Milner 2002a).  
 
Sample Catalogued Selected Discarded Readable thin sections 
Random 19 13 9 4 
Table 14: Successful and unsuccessful thin section figures for Lystrup Enge (after Milner 2002a). 
 
Norsminde (2911) 
In 1977 one cubic metre of material was excavated from the eastern area of the 
Norsminde kitchen midden. It was taken to The University of Cambridge for analyses. 
The column sample (N77) was excavated in arbitrary 10 cm layers (also referred to as 
either spits or levels). Layers one to six have been dated to the TRB and are comprised 
primarily of cockles, fire-cracked stones and burnt material culture, whereas layers 
seven to 10 to the EBK, and are largely composed of oysters and cockles. Despite the 
fact that the layers were excavated arbitrarily, during the excavation it was noted that 
the midden sequence for the column sample followed a chronological sequence. It is 
assumed that the EBK and TRB layers cover approximately 200 radiocarbon years 
respectively (Laurie 2008; Milner 2002a, 2013; Milner and Laurie 2009). 
 
Oysters were therefore sampled from each layer in order to ascertain temporal 
variability in the exploitation practices. A sample was taken from every layer, with an 
emphasis on the EBK layers. Complete upper valves were selected for analysis, and 
those with broken hinges were not selected. Approximately 12 shells were sampled 
from each of the TRB layers. Although layer seven was considered to be EBK in date, 
the 10 cm layer below layer five was sub-divided into layers six and seven. 
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Consequently fewer samples derived from these two layers. Likewise complete oysters 
were sampled from the higher oyster content EBK layers. Approximately 25 shells were 
sampled from layers eight to 10. In total 163 oysters were catalogued from the 
Norsminde kitchen midden (Laurie 2008; Milner 2002a, 2013; Milner and Laurie 2009). 
 
Layer Catalogued Selected Discarded Readable thin sections 
1 13 8 2 6 
2 12 11 3 8 
3 12 10 2 8 
4 11 10 1 9 
5 12 11 3 8 
6 14 10 3 7 
7 14 10 1 9 
8 26 18 3 15 
9 24 18 4 14 
10 25 15 3 12 
Totals 163 121 25 96 
Table 15: Successful and unsuccessful thin section figures for Norsminde (after Milner 2002a). 
 
Sixty-one of the oysters selected for analysis are dated to the EBK, with the remaining 
60 to the TRB. Of the 121 shells, 96 (79.3%) produced results. All of the shells were 
measured but only 100 could be aged. The other 25 thin sections were either 
unsuccessful during the manufacturing process or were noted as unreadable for 
seasonality assessment during the microscopic analysis (Table 15). It would appear that 
there was no appreciable skewing of the results based on the relative age of the 
specimens. 
 
Tybrind Vig (2033) 
Since the context of the shells from the submerged settlement at Tybrind Vig was 
unknown, they are to be considered a random sample. Initial sorting was undertaken in 
Denmark. In 2010 Nicky Milner with Søren H. Andersen collected the oysters from the 
archives at Moesgård Museum. In general the Tybrind Vig shells are fairly small, and 
comparable with those from Ertebølle. This is probably attributable to the southern 
location of the site since the natural oyster beds would have experienced an increased 
outflow of low-salinity surface water from the Baltic Sea (Rasmussen et al. 2007). In 
total 20 oysters were catalogued, however, only 19 were selected for thin sectioning 
since one had a broken tip. 
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All 19 oysters selected for analysis are dated to the EBK. Of the 19 shells, 12 (63.2%) 
produced results. All of the valves were measured, but only 11 could be aged. Two thin 
sections were unsuccessful during the manufacturing process, whereas six were noted as 
unreadable for seasonality assessment during the microscopic analysis (Table 16). This 
percentage (36.8%) is slightly higher than the discard rate reported by Milner (2002a). 
The size and age measurements demonstrated that the oysters had a mean hinge length 
of 5.3 ± 2.3 mm (n = 19), and were 3.7 ± 2.1 years old (n = 11). 
 
Sample Unsuccessful thin sections 
Unreadable thin 
sections Readable thin sections Total 
Random 2 6 12 20 
Table 16: Successful and unsuccessful thin section figures for Tybrind Vig.  
 
Vængesø III (4428) 
Since the context of the shells from Vængesø III was unknown, they are to be 
considered a random sample. Initial sorting was undertaken in Denmark. In 2005 Søren 
H. Andersen sent one-oyster shell sample to Nicky Milner. In general the oysters were 
poorly preserved that is probably attributable to post depositional processes acting upon 
them. Since they were quite eroded they were subjected to an additional coating of resin 
prior to analysis. In total 21 oysters were selected for thin sectioning. 
 
All 21 oysters selected for analysis are dated to the EBK. Of the 21 shells, 13 (61.9%) 
produced results. All of the valves were measured, but only 12 could be aged. One thin 
section was unsuccessful during the manufacturing process, whereas seven were noted 
as unreadable for seasonality assessment during the microscopic analysis (Table 17). 
This percentage (38.1%) is slightly higher than the discard rate reported by Milner 
(2002a). The size and age measurements demonstrated that the oysters had a mean 
hinge length of 7.9 ± 1.4 mm (n = 21), and were 3.4 ± 0.7 years old (n = 12). 
  
Sample Unsuccessful thin sections 
Unreadable thin 
sections Readable thin sections Total 
Random 1 7 13 21 
Table 17: Successful and unsuccessful thin section figures for Vængesø III.  
 
 
 
  
85 
Visborg (3933) 
Two studies have been undertaken on oyster shell samples deriving from Visborg. Only 
one has been published (Milner 2002a). In this section the initial study will be revisited 
and re-analysed, whereas the data deriving from the latter study will be re-analysed.  
 
During the 1997 excavation campaign Nicky Milner collected five-oyster shell samples 
from an area to the east of the kitchen midden that was opened up for investigation. 
Since the majority of the kitchen midden had largely been ploughed away, only 20-30 
cm of the matrices remained in situ. It is understood that the midden appeared to have 
accumulated both horizontally and vertically and comprised of numerous discrete 
depositional events. During excavation two mounded areas were identified. As such the 
sampling strategy was largely based on comparison between the two in order to take 
into account spatial variation (Milner 2002a). In addition, since it was identified that the 
oysters higher up in the midden sequence were smaller, shells were removed from both 
the top and bottom of the respective sections. In order to determine diachronic variation, 
the sampling strategy took into account not only the spatial distribution but also 
temporal resolution. As such samples were taken from both the top and bottom of the 
exposed sections.  
 
The oysters derived from five sampling points in an area that has been dated solely to 
the TRB. Sample one (OXA) was removed from the lower level, near to the base, of an 
exposed section, whereas sample two (OXC) was taken from the top. The samples were 
separated by ca. 30 cm. Likewise samples three (OXH) and four (OXJ) were excavated 
from the lower and upper layers of another section that represented another period of 
deposition. In general the oysters from the top and upper parts of the exposed sections 
were more fragmentary compared with more complete and intact shells from the lower 
layers. In addition, the oysters from near to the base were intermixed with other species 
of molluscs. Between 10 and 15 complete valves were carefully removed in close 
proximity to one another by hand. In addition a random sample was taken from the spoil 
heaps to the east of the midden. This sampled totalled 15 complete valves. Overall 65 
shells were catalogued. 
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During the 1999 excavation campaign Nicky Milner collected 20-oyster shell samples 
deriving from the same area of the kitchen midden that had been sampled in 1997. The 
oysters derived from five sampling points that are dated solely to the TRB. The 
sampling strategy was largely based on comparison between the two studies in order to 
take into account spatial variation. In addition, since it was identified that the oysters 
higher up in the midden sequence were smaller, shells were removed from both the top 
and bottom of the respective sections. In order to determine diachronic variation, the 
sampling strategy took into account not only the spatial distribution but also temporal 
resolution. As such samples were taken from both the top and bottom of the exposed 
sections. According to her notes, the samples from the latter study derived from areas 
that are roughly comparable with those reported in her initial study (Milner 2002a).  
 
Samples eight, nine and 10 (XZW) were taken from a baulk (referred to as section two) 
that was aligned N/S in the northeastern area of the opened trench (Figure 2). The baulk 
measured ca. 2 m in length and was ca. 13 cms deep. During sampling the baulk was 
divided into three sections: south, middle and north. Sample eight derived from the 
south, whereas sample nine was taken from the middle where the deposits were thickest. 
During the excavation of sample 10 from the north, ceramics and lithics were recovered. 
In total 58 oysters were selected for analysis.  
 
Figure 2: Photograph of section 
two taken in 1999 (photograph 
courtesy of Nicky Milner). 
 
 
 
 
For comparison samples six and seven (XZK) were removed from the bottom and top of 
the same section (one) that had been sampled in 1997 (i.e. samples one and two). In 
total 69 oysters were removed from an area ca. 1 m in length (Figure 3). 
 
Sample 11 (XZM) was removed from an east facing section (i.e. three) on the edge of 
the eastern area that had been excavated in 1997. A total of 24 shells were extracted 
from the north part of the section prior to where the deposits appeared to peter out 
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(Figure 4). On the other hand samples 12 and 13 (XZM) were removed from the same 
section from an area to the south (termed three ‘a’) of sample 11 (Figure 5). These 
samples were removed in order to investigate deposition. Sample 12 derived from the 
bottom, whereas 13 from the top. In total five shells that had been likely deposited 
together were removed from each sampling point respectively. 
 
Figure 3: Photograph of section 
one taken in 1999 (photograph 
courtesy of Nicky Milner). 
 
 
 
 
 
 
 
 
Figure 4: Photograph of 
section three taken in 1999 
(photograph courtesy of Nicky 
Milner).  
 
 
 
 
 
 
 
For comparison samples 14 and 15 (XZN) were removed from the bottom and top of 
the same section (termed here as four) that had been sampled in 1997 (i.e. samples three 
and four) (Figure 6). In total 40 oysters were extracted. During her excavation Milner 
noted that they were hard to extract, fragmentary and soft that was probably a result of 
the previous sampling as well as weathering of the exposed section over the course of 
two years. In addition, samples 16 to 19 (XZN) were taken from the same section from 
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an area further south (termed four ‘a’) in the midden (Figure 7). A total of 13 oysters 
that had been likely deposited together were extracted. 
 
Figure 5: Photograph of section 
three ‘a’ taken in 1999 
(photograph courtesy of Nicky 
Milner). 
 
 
 
 
 
 
 
 
Figure 6: Photograph of section four taken in 1999 (photograph courtesy of Nicky Milner). 
 
Sample 20 (XZO) was extracted from an east facing section (section five) at the western 
end of the trench (Figure 8). Notably the layers were very compacted and there was a 
high cockle content at the base in this area. A total of 10 oysters were selected from the 
base for analysis. Sample 21 was removed from the layer above sample 20. A total of 
five oysters that had been likely deposited together were extracted. Sample 21a was also 
removed from near to sample 21. Likewise five oysters that had been likely deposited 
together were removed for analysis. To the north of the aforementioned samples, 
sample 22 was extracted. A total of four shells were removed since they were grouped 
together and positioned vertically. Sample 23a was removed from above sample 22, 
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whereas sample 23b was taken from below. Samples 23a and 23b comprised of seven 
oysters. 
 
 
Figure 7: Photograph of section four ‘a’ taken in 1999 (photograph courtesy of Nicky Milner). 
 
Figure 8: Photograph of section 
five taken in 1999 (photograph 
courtesy of Nicky Milner).  
 
 
 
 
 
 
 
 
Overall the aim was to produce 10 readable thin sections from each sampling point, 
however this could not be achieved, since some oysters had very skew hinges or broke 
along the growth planes (Milner 2002a). All 47 oysters selected for analysis are dated to 
the TRB. Of the 47 shells, 38 (80.9%) produced results. All of the valves were 
measured, but only 42 could be aged. The other 9 thin sections were either unsuccessful 
during the manufacturing process or were noted as unreadable for seasonality 
assessment during the microscopic analysis (Table 18).  
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Sample Catalogued Selected Discarded Readable thin sections 
1 14 9 3 6 
2 13 10 2 8 
3 11 10 1 9 
4 12 8 3 5 
Random 15 10 0 10 
Totals 65 47 9 38 
Table 18: Successful and unsuccessful thin section figures for the first Visborg study.  
 
Likewise, in the second study all 248 oysters selected for analysis were dated to the 
TRB. Of the 248 shells, 147 (59.3%) produced results. The majority of the valves were 
measured (n = 245), but only 145 could be aged. The other 101 thin sections were either 
unsuccessful during the manufacturing process or were noted as unreadable for 
seasonality assessment during the microscopic analysis (Table 19). This percentage 
(40.7%) is noticeably greater than the discard rate reported by Milner (2002a) and is 
probably the result of the numerous sampling points that were excavated.  
 
Section Sample  Level Unsuccessful thin sections 
Unreadable thin 
sections 
Readable thin 
sections Totals 
1 6 Lower 3 5 27 35 
1 7 Top 4 11 19 34 
2 8  2 8 11 21 
2 9  3 5 11 19 
2 10  2 4 12 18 
3 11  1 10 13 24 
3a 12 Bottom 0 1 4 5 
3a 13 Top 0 3 2 5 
4 14 Bottom 2 2 16 20 
4 15 Top 3 9 8 20 
4a 16  0 0 2 2 
4a 17  1 0 1 2 
4a 18  1 1 1 3 
4a 19  1 2 3 6 
5 20  3 2 5 10 
5 21  1 3 4 8 
5 21a  2 2 1 5 
5 22  0 1 3 4 
5 23a  0 1 3 4 
5 23b  1 1 1 3 
Totals   30 71 147 248 
Table 19: Successful and unsuccessful thin section figures for the second Visborg study.  
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Site Grid square Sample reference Culture 
Bjørnsholm  ZQG EBK 
Bjørnsholm  ZQL EBK 
Bjørnsholm  ZQQ EBK 
Bjørnsholm  ZQT EBK 
Bjørnsholm  ZQX EBK 
Bjørnsholm   ZRB EBK 
Bjørnsholm   ZRH EBK 
Bjørnsholm   ZRR EBK 
Bjørnsholm   ZSD EBK 
Bjørnsholm   ZSQ EBK 
Bjørnsholm   ZSV EBK 
Bjørnsholm   ZST EBK 
Bjørnsholm   ZTB EBK 
Bjørnsholm   ZTJ EBK 
Bjørnsholm   ZTO EBK 
Bjørnsholm   ZUT or ZVT EBK 
Bjørnsholm   ZVZ EBK 
Bjørnsholm D2 GAS (Level i) TRB 
Bjørnsholm D2 Level ii TRB 
Bjørnsholm D2 Level iii TRB 
Bjørnsholm D2 Level iv TRB 
Bjørnsholm D2 Level vi TRB 
Bjørnsholm D2 Level vii TRB 
Brovst   KFK (Level iv) EBK 
Dyngby I   DAJ EBK 
Dyngby I   DAV  EBK 
Dyngby I   DAW EBK 
Dyngby I   Random EBK 
Dyngby III 23/19 A; eastern section EBK 
Dyngby III 19/21 B; southern section EBK 
Dyngby III 26/20 C; northern section EBK 
Dyngby III 21/22 D; western section  EBK 
Ertebølle J-column  Level vii EBK 
Ertebølle J-column  Level viii EBK 
Ertebølle J-column  Level x EBK 
Ertebølle J-column  Level xi EBK 
Ertebølle J-column  Level xii EBK 
Ertebølle J-column  Level xiv EBK 
Ertebølle J-column  Level xv EBK 
Ertebølle J-column  Level xviii EBK 
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Site Grid square Sample reference Culture 
Ertebølle J-column  Level xix EBK 
Ertebølle J-column  Level xx EBK 
Ertebølle J-column  Level xxi EBK 
Ertebølle J-column  Level xxii EBK 
Ertebølle J-column  Level xxiii EBK 
Ertebølle J-column  Level xxiv EBK 
Ertebølle J-column  Level xxv EBK 
Ertebølle J-column  Level xxvi EBK 
Ertebølle VX Random EBK 
Eskelund   Random EBK 
Eskilsø   A EBK 
Eskilsø  B, layers 10-14 TRB 
Eskilsø  C, layer 11 EBK 
Eskilsø  D, layer 12 EBK 
Eskilsø  E EBK 
Eskilsø  F, layer 2 EBK 
Eskilsø  G, layer 6 EBK 
Havnø   Random EBK 
Havnø 98/101 1 TRB 
Havnø 90-91/100 2 EBK 
Havnø 90-91/100 3 EBK 
Havnø 112/100 UED TRB 
Havnø 113/100 UEC TRB 
Havnø 98-99/99 SQG TRB 
Havnø 114/100 POL TRB 
Havnø 96/99 SW THR TRB 
Havnø 97/99 SE/SW THU EBK 
Holmegård   Random EBK 
Kalvø   Random SGC 
Krabbesholm 105/100 J (Level ii) TRB 
Krabbesholm 105/100 J (Level v) TRB 
Krabbesholm 105/100 W (Level vi) TRB 
Krabbesholm 105/100 Y (Level x) TRB 
Krabbesholm 105/100 Level xii TRB 
Krabbesholm 104/100 7737 (Level ii) TRB 
Krabbesholm 104/100 7737 (Level iii) TRB 
Krabbesholm 104/100 7737 (Level iv) TRB 
Krabbesholm 104/100 7737 (Level v) TRB 
Krabbesholm 104/100 7737 (Level vi) TRB 
Krabbesholm 104/100 7737 (Level vii) TRB 
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Site Grid square Sample reference Culture 
Krabbesholm 104/100 7737 (Level viii) TRB 
Krabbesholm 104/100 7737 (Level x) TRB 
Krabbesholm 104/100 7737 (Level xi) TRB 
Krabbesholm 104/100 7737 (Level xii) TRB 
Krabbesholm 104/100 7737 (Level xiii) TRB 
Krabbesholm 104/100 7737 (Level xiv) TRB 
Krabbesholm 104/100 7737 (Level xv) EBK/TRB 
Krabbesholm 104/100 7737 (Level xvi) EBK 
Lystrup Enge   Random K/EBK 
Norsminde  RLH Level i TRB 
Norsminde  RLH Level ii TRB 
Norsminde  RLH Level iii TRB 
Norsminde  RLH Level iv TRB 
Norsminde  RLH Level v TRB 
Norsminde  RLH Level vi TRB 
Norsminde  RLH Level vii EBK 
Norsminde  RLH Level viii EBK 
Norsminde  RLH Level ix EBK 
Norsminde  RLH Level x EBK 
Tybrind Vig   Random EBK 
Tybrind Vig AHT   EBK 
Tybrind Vig AHU   EBK 
Tybrind Vig AHV   EBK 
Tybrind Vig CC Felt 12; Sand layer EBK 
Tybrind Vig CH Felt 13; Sand layer EBK 
Tybrind Vig DB Felt 2 EBK 
Tybrind Vig KXA   EBK 
Tybrind Vig KXB   EBK 
Vængesø III   Random EBK 
Visborg   1; OXA; lower level TRB 
Visborg   2; OXC  TRB 
Visborg   3; OXH; lower level TRB 
Visborg   4; OXJ; upper level TRB 
Visborg   Random TRB 
Visborg Section i 6; OXA; lower level TRB 
Visborg Section i 7; OXC; top level TRB 
Visborg Section ii 8; XZW; south TRB 
Visborg Section ii 9; XZW; middle  TRB 
Visborg Section ii 10; XZW; north TRB 
Visborg Section iii 11; XZM TRB 
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Site Grid square Sample reference Culture 
Visborg Section iii-a 12; XZM; bottom TRB 
Visborg Section iii-a 13; XZM; top TRB 
Visborg Section iv 14; XZN; bottom TRB 
Visborg Section iv 15; XZN; top TRB 
Visborg Section iv-a 16; XZN TRB 
Visborg Section iv-a 17; XZN TRB 
Visborg Section iv-a 18; XZN TRB 
Visborg Section iv-a 19; XZN TRB 
Visborg Section v 20; XZO TRB 
Visborg Section v 21; XZO TRB 
Visborg Section v 21-a; XZO TRB 
Visborg Section v 22; XZO TRB 
Visborg Section v 23-a; XZO TRB 
Visborg Section v 23-b; XZO TRB 
Table showing all of the oyster shell samples and their respective cultures.  
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Locality EBK TRB/SGC Interpretation Type of site 
Western Funen submerged settlement 
Tybrind Vig Winter/ Spring  
Presence of summer 
harvesting; 
collection/natural death 
assemblage/shell bank 
Bimodal (winter/spring and 
summer) 
Dyngby complex 
Dyngby I 
Winter/ 
Spring & 
Spring  
Presence of summer 
harvesting; note small 
sample size 
Utilised all year round (with 
the exception of autumn) 
Dyngby III Winter/ Spring  
Absence of summer 
harvesting; note small 
sample size 
Heavily seasonal (winter to 
spring) 
Eastern Jutland coastal sites including kitchen middens 
Eskelund Spring  Note small sample size 
Utilised for half of the year 
(winter to summer) 
Holmegård Spring  Note small sample size 
Utilised for half of the year 
(winter to summer) 
Lystrup Enge Spring  Data meaningless   
Vængesø III Spring  Note small sample size 
Utilised for half of the year 
(winter to summer) 
Limfjord         
Brovst Spring    
Utilised for half of the year 
(winter to summer) 
Bjørnsholm Winter/ Spring 
Winter/ 
Spring 
Spread out throughout the 
year in the EBK 
Utilised for half of the year 
(winter to summer) 
Ertebølle Winter/ Spring    
Heavily seasonal (winter to 
spring) 
Krabbesholm II Winter/ Spring Spring 
Spread out throughout the 
year in the TRB Utilised all year round 
Mariager Fjord 
Havnø Spring Spring 
Collection practices 
coincide with the tidal 
amplitude 
Bimodal (spring and 
autumn/winter) 
Visborg  
Winter/ 
Spring 
Spread out throughout the 
year Utilised all year round 
Norsminde Fjord  
Kalvø  
Winter/ 
Spring Beyond the transition 
Heavily seasonal (winter to 
spring) 
Norsminde Spring Spring Spread out throughout the year in the TRB 
Heavily seasonal (winter to 
spring) 
North central Zealand 
Eskilsø Spring Winter/ Spring 
Spread out throughout the 
year in the EBK 
Heavily seasonal (winter to 
spring; only 8.7% falling 
outside) 
Summary of the collection events and site interpretations. 
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Appendix 4: Additional data pertaining to Chapter 5 
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Location Species Sample  Category C16:0 C18:0 Reference 
Denmark Anguilla anguilla Soft tissue Catadromous -29.0 -29.2 Craig et al. 2011 
Denmark Anguilla anguilla Soft tissue Catadromous -20.4 -21.0 Craig et al. 2011 
Denmark Anguilla anguilla  Soft tissue Catadromous -20.5 -21.5 Craig et al. 2011 
Denmark Anguilla anguilla  Soft tissue Catadromous -18.3 -18.4 Craig et al. 2011 
Denmark Anguilla anguilla  Soft tissue Catadromous -19.6 -21.3 Craig et al. 2011 
UK Anguilla anguilla  Soft tissue Catadromous -18.1 -15.4 Unpublished 
UK Carassius carassius  Soft tissue Freshwater -30.8 -28.8 Unpublished 
Poland Cervus elaphus  Bone Wild ruminant -28.1 -31.9 Craig et al. 2012 
Poland Cervus elaphus  Bone Wild ruminant -27.8 -31.5 Craig et al. 2012 
Poland Cervus elaphus  Bone Wild ruminant -28.8 -33.0 Craig et al. 2012 
Poland Cervus elaphus  Bone Wild ruminant -30.4 -34.1 Craig et al. 2012 
Poland Cervus elaphus Bone Wild ruminant -29.5 -33.1 Craig et al. 2012 
Poland Cervus elaphus  Bone Wild ruminant -29.2 -33.4 Craig et al. 2012 
Poland Cervus elaphus  Bone Wild ruminant -30.8 -33.4 Craig et al. 2012 
Poland Cervus elaphus  Bone Wild ruminant -29.9 -33.5 Craig et al. 2012 
Poland Cervus elaphus  Bone Wild ruminant -29.3 -32.7 Craig et al. 2012 
Poland Cervus elaphus  Bone Wild ruminant -29.8 -33.4 Craig et al. 2012 
Germany Clupea harengus Soft tissue Marine -23.2 -20.8 Craig et al. 2011 
Denmark Esox lucius Soft tissue Freshwater -35.6 -35.8 Craig et al. 2011 
Denmark Esox lucius  Soft tissue Freshwater -19.8 -21.5 Unpublished 
UK Esox lucius  Soft tissue Freshwater -28.8 -26.4 Unpublished 
Denmark Gadus morhua  Flesh Marine -22.7 -22.2 Craig et al. 2011 
Denmark Gadus morhua  Flesh Marine -22.7 -24.1 Craig et al. 2011 
  
98 
Location Species Sample  Category C16:0 C18:0 Reference 
Denmark Gadus morhua  Flesh Marine -22.0 -24.5 Craig et al. 2011 
Germany Gadus morhua  Soft tissue Marine -21.3 -21.7 Craig et al. 2011? 
UK Gadus morhua  Soft tissue Marine -24.4 -24.0 Unpublished 
Denmark Myoxocephalus scorpius Flesh Marine -21.2 -21.3 Unpublished 
UK Ostrea edulis  Soft tissue Marine -23.9 -24.5 Unpublished 
UK Perca fluviatilis  Soft tissue Freshwater -31.6 -29.0 Unpublished 
Denmark Phoca largha  Blubber  Marine -20.0 -20.0 Craig et al. 2011 
Denmark Phoca largha  Blubber  Marine -12.8 -14.3 Craig et al. 2011 
Germany Phoca vitulina  Blubber Marine -18.6 -20.2 Craig et al. 2011 
Denmark Platichthys flesus   Flesh Marine -18.5 -19.8 Craig et al. 2011 
Denmark Platichthys flesus   Flesh Marine -18.8 -20.1 Unpublished 
Denmark Pleuronectes platessa Flesh Marine -19.8 -21.5 Craig et al. 2011 
Denmark Pleuronectes platessa Flesh Marine -18.9 -20.1 Craig et al. 2011 
UK Scomber scombrus  Soft tissue Marine -25.0 -25.2 Unpublished 
Denmark Tinca tinca  Soft tissue Freshwater -28.5 -29.6 Craig et al. 2011 
Denmark Tinca tinca Soft tissue Freshwater -25.0 -27.1 Craig et al. 2011 
Denmark Tinca tinca  Soft tissue Freshwater -38.0 -37.3 Craig et al. 2011 
Denmark Zoarces viviparus  Flesh Marine -19.4 -21.0 Craig et al. 2011 
Denmark Zoarces viviparus Flesh Marine -16.9 -17.9 Craig et al. 2011 
Single-compound isotope data obtained on the extracted lipids (C16:0 and C18:0 fatty acids) of authentic 
reference fats from northern Europe. 
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Previous research on Mesolithic and Neolithic ceramic vessels from 
Denmark 
Prior to the combination of EA-IRMS, GC, GC-MS and GC-C-IRMS the analysis of 
food residues was largely restricted to identifications based on retained morphological 
remains, for example fish remains and plant matter (Andersen and Malmros 1984).  
 
In the following a brief overview of use-wear, bulk carbon isotope, macro- and 
microfossil analyses will be provided in chronological order prior to the application of 
ORA on Danish EBK and TRB vessels.  
 
Use wear, bulk carbon isotope, macro- and microfossil analyses 
Traces of repair fall into the category of use-wear. In general they are rare on EBK 
vessels although some ligature holes are known from several vessels from the Ertebølle 
kitchen midden as well as other sites. In addition, traces indicative of use have often 
been identified on the lower portions and points of the vessels in particular. Perhaps the 
most common indicators of use are the adhering charred food crusts that are described 
in detail in Chapter 5 (Andersen 2010, 2011a; Brinch Petersen 2011; Madsen et al. 
1900). 
 
The first application of bulk carbon isotope and macrofossil analyses were performed 
on the food crusts adhering to five EBK vessels recovered from Tybrind Vig (Andersen 
and Malmros 1984). The bulk δ13C isotope values were interpreted as deriving from 
terrestrial foods. However their depletion suggested to the authors that an unknown 
freshwater effect might have been present. On the other hand the microscopic 
examination revealed the presence of fish and floral remains. Fish remains including fin 
rays, ribs and unidentified skeletal elements as well as scales and skin were identified. 
Noteworthy was the presence of an opercular from a cod that was estimated to be 
around 20 cm in TL. These were identified on all five vessels from Tybrind Vig whilst 
floral remains in the form of linear leaves, some of which were charred, were present on 
three of the vessels. In conclusion it was suggested that the vessels were probably used 
for the preparation of a fish soup supplemented by terrestrial resources, including plants 
(Andersen and Malmros 1984). 
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In what is perhaps considered one of the most seminal works on EBK and TRB vessels, 
both bulk δ13C and δ15N isotope analyses and macrofossil analyses were performed by 
Koch (1998). Approximately 700 vessels from 100 inland localities on the islands of 
Falster, Lolland, Møn and Zealand were analysed. The nature of their deposition was 
interpreted as votive offerings into former water bodies. The majority of the analysed 
vessels were dated to the Neolithic although some EBK specimens were present. The 
isotope analysis of charred food crusts adhering to the interior on a number of TRB 
vessels from the Åmose suggested to the author that they were used for food preparation 
including boiling. The microscopic analysis revealed the presence of bones and scales 
from freshwater fish as well as an apple seed. In addition grain impressions on three 
sherds were reported (Koch 1998). 
 
In their comprehensive publication on the coastal settlement at Agernæs, Richter and 
Noe-Nygaard (2003) reported two δ13C stable isotope values that were measured on 
soot adhering to a lamp and a vessel, both characteristic of the EBK. The δ13C value of -
18.1‰ from the lamp was reported as a mixture of marine and terrestrial resources. 
They stated that the burned fat may have derived from wild boar since the meat of this 
species has often been rendered inedible. On the other hand the cooking vessel had a 
δ13C value of -24.2‰ that was interpreted as deriving from the processing of terrestrial 
resources based on comparison with Tybrind Vig (Andersen and Malmros 1984; 
Richter and Noe-Nygaard 2003). 
 
The submerged locality at Ronæs Skov has been described as the richest EBK 
settlement to date (Andersen 2009). This is based in part on the ceramic assemblage that 
was represented by non-ornamented, pointed bottomed vessels and the so-called blubber 
lamps. Briefly, the lower portions from 12 medium sized pointed based vessels had a 
tall flared rim and were constructed by the U-technique. Wall thickness was around 1 
cm. Whilst the earliest vessels had fingernail impressions or notches on the rims, the 
younger specimens had no traces of decoration. Blubber lamps were very well 
represented. Some had been broken in antiquity and the presence of blackened remains 
indicated to the author that they had been re-used (Andersen 2009).  
 
In addition, charred food crusts were present on the interior of numerous sherds from 
Ronæs Skov, of which four were analysed macroscopically for the identification of 
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pollen and plant remains. The analysis demonstrated that numerous herbs belonging to 
the grass family, including mistletoe and three species of plantain were cooked in the 
vessels. To discredit contamination, gyttia deposits were similarly examined, and 
revealed either an absence or a weak representation of the above. These data provided 
substantial proof that plants were gathered and had been processed in the vessels 
(Andersen 2009). 
 
On a microscopic level it has been demonstrated recently that both starches (Saul et al. 
2012) and phytoliths (Saul et al. 2013) can be extracted and identified from carbonized 
food crusts adhering to EBK and TRB ceramic vessels. The former study was 
undertaken on vessels from either side of the transition that were recovered from the 
northern German submerged site at Neustadt. Acorn type starch as well as sedge and 
reed grain forms were identified in abundance. Although hazelnuts are often considered 
an important resource during these periods (Rowley-Conwy 1984) they were not very 
well represented. In light of these data the authors suggested that they are likely to have 
been over-represented in the repertoire of available food resources to the hunter-
gatherers of the region. Interestingly cereals were absent in all of the samples analysed. 
Previously the adoption of domesticated cereals was considered to have coincided with 
the change in vessel typology (Fischer 2002), however the above suggested to the 
authors that the process of inception was a slower process (Saul et al. 2012). Although 
plant processing across the Mesolithic-Neolithic transition was identified at Neustadt, in 
the absence of Danish examples the notion that the aforementioned plant resources were 
important to the inhabitants within the wider region cannot be verified.  
 
In the subsequent study by Saul et al. (2013) the adhering food crusts on EBK and TRB 
vessels from three sites in Denmark (Åkonge and Stenø) and northern Germany 
(Neustadt) were shown to possess globular sinuate phytoliths. It was demonstrated 
beyond doubt that the identifications were consistent with the phytolith morphologies 
observed in garlic mustard seed (Saul et al. 2013). Since the seed has a strong flavour, 
little nutritional value and was identified in ceramics that had been used for the 
processing of both marine and terrestrial mammals (Craig et al. 2011), it was concluded 
that garlic was used for the spicing of foods (Saul et al. 2013).  
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The work carried out on the ceramic assemblage from Tybrind Vig has recently been 
summarized (Andersen 2013b). In total, 34 vessels possessed charred food crusts, 24 of 
which were considered suitable for analysis. It was observed that food crusts were 
commonly distributed on the rim and neck of the vessels’ exterior although they were 
often on the vessel base and belly. In total, 24 sherds possessed fish remains on their 
interiors that were represented by small specimens of cod. The bulk δ13C stable isotope 
values (>-24.0‰) supported the presumption that marine products were processed in the 
vessels. In total, 19 sherds, including 15 pointed based vessels and one lamp indicated 
to the author that they had been used for processing fats of marine origin. In comparison 
with the vessels from Ronæs Skov it was concluded that those from Tybrind Vig were 
used to prepare food of marine origin, supplemented by vegetables, a fact supported by 
the macrofossils of grass and fish remains (Andersen 2013b).   
 
Organic residue analysis from ceramics 
In the following section a brief overview of publications integrating primitive forms of 
lipid residue analysis will be explored (Arrhenius and Lidén 1989; Mathiassen 1935). 
These will be followed by more recent publications whereby bulk stable isotope 
analysis and/or ORA were performed. In a similar manner the works will be detailed in 
chronological order. 
 
As an adjunct to Mathiassen (1935) Biilmann and Jensen report on the analysis of a 
ground ceramic sample (20 g) extracted from a lamp from the inland site at Godsted 
Bog, Denmark. Whilst their archaic lipid residue analysis demonstrated an absence of 
glycerides, the evaporated residue consisted of preserved lipids including mid-chain 
fatty acids.  
 
The research aims of Arrhenius and Lidén (1989) were to determine the protein-content, 
the distribution and frequency of the amino and fatty acids and give an opinion on the 
origin of the food crusts adhering to the same EBK vessel from Tybrind Vig that had 
been analysed by Andersen and Malmros (1984). It was argued that the data on the 
extracted food crusts were congruent with the δ13C values provided by Tauber (1981), 
and represented a mixture of foods of terrestrial origin. However, it is worth noting that 
it is not yet possible to differentiate between terrestrial, marine and freshwater resources 
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based on the bulk stable isotope carbon values. Moreover these have been subsequently 
addressed by Craig et al. (2007) and are detailed below. The authors concluded that the 
food crusts originated from the intentional fermentation of porridge and vegetable 
resources. This interpretation was supported by the low protein-content, the fat-content 
and the presence of phytoliths. In addition, the microscopic examination demonstrated 
that the stray fragments of plant remains in the matrix often had a blistering or a lack of 
an inner cellular structure indicative of fermentation (Andersen and Malmros 1984; 
Arrhenius and Lidén 1989). It was suggested that the adhering fish remains did not 
belong to the crust directly and had been incorporated post depositionally (Arrhenius 
and Lidén 1989).  
 
Although it was not their aim to ascertain the origin of the food crusts, Fischer and 
Heinemeier (2003) similarly stated that fermentation may also have been undertaken in 
the so-called bog pots recovered from the Åmose and dated to the Neolithic. Based in 
part on the works by Koch (1998) and Noe-Nygaard (1995) the organic remnants were 
interpreted as deriving from the preparation of aquatic organisms, including freshwater 
fish and molluscs as well as terrestrial plants and mammals (Fischer and Heinemeier 
2003). However their analysis, which principally included direct AMS radiocarbon 
dating, demonstrated that a significant freshwater effect existed from the processing of 
fish and molluscs that were cooked in the vessels. The authors concluded that the food 
crusts had ages in the region of 100-500 years that were too old, thus and advise caution 
in their use (Fischer and Heinemeier 2003).  
 
The seminal publication by Craig et al. (2007) was undertaken on prehistoric ceramics 
from Belgium and Denmark and incorporated bulk carbon and nitrogen stable isotope 
analysis as well as biomarker identification. The following summary, however, will 
only detail the data gleaned from the Danish EBK and TRB vessels. 
 
In total 30 EBK sherds from Tybrind Vig, including one that had been previously 
investigated (Andersen and Malmros 1984) were available for analysis. To add, three 
EBK sherds from the inland site at Ringkloster and the food crusts from eight TRB 
vessels from the Store and Lille Åmose were included. In general the results 
demonstrated that there were no appreciable differences (in their mean δ13C values) 
between the coastal and inland localities. Despite this, the food crusts from Tybrind Vig 
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were significantly higher (mean δ13C values) when compared to the inland sites. It was 
suggested that marine resources had been processed in the pointed based EBK vessels 
from Tybrind Vig based on the presence of fatty acids deriving from marine oils (16:3, 
18:3, 20:3). In addition the presence of marine oil components, including isoprenoid 
fatty acids (phytanic acid, 4, 8, 12-tetramethyletetradecanoic acid (TMTD)) and the 
clear dominance of the 16:0 fatty acid supported the above interpretation opposing the 
view that they had been absorbed post depositionally (Arrhenius and Lidén 1989).  
 
In one sherd from the coeval, albeit inland, site at Ringkloster a similar distribution of 
fatty acids were observed including arrays ‘of ω-(o-alkylphenyl)alkanoic acids [(the 
thermally induced isomerization products of fish specific fatty acids] derived from C16:3, 
C18:3 and C20:3 PUFA [poly unsaturated fatty acids] precursors’ (Craig et al. 2007, 142-
143). Despite the location of the site, ca. 15-20 km from the nearest coastline, oyster 
shells and marine species of fish were identified in the faunal assemblage supporting the 
notion of contact with the coast  (Andersen 1994-1995; Enghoff 1994-1995). However 
the bulk δ13C values from the three food crusts were significantly enriched compared to 
Tybrind Vig that suggested to the authors that they derived from non-marine resources 
(Craig et al. 2007). 
 
Prior to this study (Craig et al. 2007) the use of ceramic vessels dating to the TRB were 
poorly understood as interpretation was based upon limited data (e.g. Arrhenius 1984). 
The TRB food crusts had a mean bulk δ13C isotope value of -27.0 ± 1.1‰ that was up to 
3‰ enriched than those from Tybrind Vig. Despite this difference similar distributions 
of lipids, including ω-(o-alkylphenyl) alkanoic acids, were identified. The authors 
interpreted that these data were consistent with the processing of freshwater fish 
regardless of distance from the coastline (between 8 and 20 km), although the 
transportation of marine products were not ruled out. In addition, four of the vessels 
plotted within the range of dairy fats. Despite this, the most plausible explanation was a 
mixture of freshwater fish and terrestrial products.  
 
When the δ13C and δ15N stable isotope values from each sherd were plotted together, 
three discernible groups were identified. The sherds from Tybrind Vig had a mean δ13C 
value of -23.1 ± 1.0‰ and 9.0 ± 1.6‰ for δ15N. Since many of these samples had 
markers consistent with aquatic organisms and several had isotopically heavy fatty 
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acids, it was suggested that the food crusts derived from the processing of marine 
resources. However the broad range of the δ15N values indicated that a number of 
different products were processed. The elevated δ15N values were consistent with 
piscivorous fish, while the depleted δ15N values might represent molluscs and 
crustaceans or a mixture of fish with terrestrial resources. The sherds from Ringkloster 
had a mean δ13C value of -27.6 ± 1.1‰ and 7.0 ± 2.7‰ for δ15N. While two of the three 
vessels had food crusts consistent with freshwater fish derivatives and relatively light 
δ13C values, aquatic biomarkers could be securely identified in the third. On the other 
hand the so-called bog pots had a mean δ13C value of -27.0 ± 1.1‰ and 6.6 ± 3.0‰ for 
δ15N. This indicated to the authors that freshwater fish were the likely constituents of 
the food crusts, while those with grain impressions abstained any aquatic markers. It 
was suggested that the inland sherds and the one from Ringkloster (exhibiting a 
depleted δ15N value) had been used to process herbivorous products and/or plants (Craig 
et al. 2007).    
 
In conclusion, the authors demonstrated that the bulk δ13C values of charred food crusts 
are congruent with the compound specific isotopic measurements of individual fatty 
acids. Although the bulk isotope analysis can broadly differentiate between marine and 
terrestrial products it was not possible to determine the scale of freshwater and/or 
marine resource exploitation. They revealed that submerged and waterlogged localities 
are conducive for the preservation of chemical markers of aquatic organisms, since ω-
(o-alkylphenyl)alkanoic acids, isoprenoid and straight-chained fatty acids were 
preserved. Fish derived biomarkers in particular preserved and when combined with the 
bulk δ13C values indicated that the processing of marine products had been undertaken 
in the vessels that were contradictory to the previous analyses (Andersen and Malmros 
1984; Arrhenius and Lidén 1989), although in agreement with the material culture 
(Andersen 1985, 1986, 2011b, 2013b). Perhaps the most important element to the 
research was the fact that aquatic resources continued to be processed after the 
transition to agriculture.  
 
The molecular and isotopic characteristics of lipids from 133 ceramic vessels and 100 
carbonized food crusts recovered from Danish and German localities and dating to the 
EBK and TRB were investigated by Craig et al. (2011). The analyses demonstrated the 
continued processing of aquatic resources across the Mesolithic-Neolithic transition 
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from approximately 20% of the vessels examined. The carbonized food crusts from 
coastal localities were significantly enriched in δ13C compared with samples from 
inland sites. It was suggested that these data were consistent with marine organisms 
regardless of typology and date, although post depositional alteration should be 
considered (Craig et al. 2007, 2011).   
 
Approximately 20% of the vessels recovered from coastal sites yielded lipids that 
contained aquatic biomarkers (isoprenoid fatty acids, long chain (>C18) ω-(o-
alkylphenyl)alkanoic acids). The chain lengths of the ω-(o-alkylphenyl)alkanoic acids 
are formed from long-chain polyunsaturated fatty acids (C20, C22), and are absent in 
terrestrial organisms. Since ω-(o-alkylphenyl)alkanoic acids are formed at temperatures 
>270°C (Hansel et al. 2004) they are not derived from the post depositional 
environment. In addition, isoprenoid acids are highly abundant in aquatic oils and 
absent in plants. Of the vessels, around 40% were dated to the TRB. In support of the 
above medium chain-length C16 and C18 n-alkanoic acids were enriched in δ13C 
(δ13C16:0 and δ13C18:0 >-24‰) and fell within the range of modern marine oils from 
northern Europe. Lastly further evidence was represented by the δ13C values of n-
octadecanoic acids (>-22‰) that are beyond the established range for terrestrial 
mammals (Craig et al. 2011).         
 
In general the inland TRB vessels were more depleted in δ13C that suggested to the 
authors some terrestrial input, although some were consistent with freshwater resources. 
Those food crusts enriched in δ15N (>8‰) as well as the other archaeological evidence, 
including freshwater fish remains reinforced this view (Enghoff 1994-1995). Around 
one third of the TRB food crusts regardless of location had n-alkanoic acids consistent 
with ruminant dairy products. The bulk δ13C and δ15N values similarly demonstrated 
that low-trophic-level terrestrial foodstuffs had been processed in the vessels (Craig et 
al. 2011).          
 
They concluded that freshwater and marine products continued to be processed after the 
introduction of domesticated fauna and flora that probably reflected a more complex 
process of acculturation. Taking the above into consideration it was suggested that the 
TRB inhabitants exploited the marine resources from the coast and continued in a 
similar fashion to their predecessors from the EBK. However, given the presence of 
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domesticated fauna and flora they probably had a degree of contact with the nearby 
farmers (Craig et al. 2011).  
 
In their view Heron and Craig (2011) report that submerged and waterlogged localities 
in particular are conducive for the preservation of lipids. They reported a success rate of 
ca. 90%. Hexadecanoic (palmitic, C16:0) and octadecanoic (stearic, C18:0) acids were 
represented in abundance although there were lower levels of shorter and longer-chain 
fatty acids. They demonstrated that acyl lipids were poorly represented and suggest that 
hydrolysis had taken place. In general unsaturated fatty acids were depleted, although 
octadecanoic (C18:0) acid and traces of C16:1, C20:1 and C22:1 were present. Phytosterols, 
n-alkanes and n-alkanols were identified indicating that plants had been processed in the 
vessels although they were low in abundance and so could not be identified (Heron and 
Craig 2011).   
 
To shed some light on the use of the so-called blubber lamps seven samples recovered 
from submerged and waterlogged localities were selected for analysis by Heron et al. 
(2013). Four of the specimens were recovered from the submerged northern German 
site at Neustadt, while one each from the Danish sites at Åmose, Teglgård-Helligkilde 
and Tybrind Vig were included. Long chain mono-unsaturated fatty acids were 
identified by GC-MS in many of the samples. Four of the specimens had chain lengths 
>C18:1 that indicated products of aquatic origin. Carbon chains up to C24:1 and C26:1 were 
present in some, and polyunsaturated fatty acids were identified (C18:2 and C20:2). In 
addition, isoprenoid fatty acids 4,8,12-trimethyltridecanoic acid (4,8,12-TMTD) and 
3,7,11,25-tetramethylhexadecanoic acid (phytanic acid) demonstrated that aquatic 
resources had been used (Heron et al. 2013).  
 
However, the bulk δ13C and δ15N stable isotope analysis of the charred surface deposits 
produced unreliable data as represented by the low levels of nitrogen (%N). This in part 
probably reflected carbon and nitrogen from different types of biomolecules that are 
inherently variable in their isotopic values. In addition, it was suggested that they might 
not be homogenous, therefore representing degradation, thermal alteration and 
contamination during use, discard and deposition (Craig et al. 2007). The bulk δ13C 
values demonstrated that the Neustadt and Teglgård-Helligkilde lamps had processed 
marine products, whereas the Åkonge specimen had been used to process resources of 
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freshwater origin. In general, the higher C:N atomic ration was indicative of a higher 
lipid fraction consistent with the burning of rendered oil fat (Heron et al. 2013).  
 
The GC-C-IRMS data similarly demonstrated that marine oils had been processed in 
four of the lamps. Whilst it was interpreted that the lamps were used as a source of heat 
and/or illumination it was not possible to identify the source of the marine product(s) 
used. On the other hand aquatic lipids were preserved in the Åkonge lamp although it 
was not possible to identify whether freshwater fish oil or terrestrial mammal fat had 
been used. It probably represented a combination of numerous biological sources. 
Support for freshwater fish oil was found in the depleted δ13C value and the 
consideration of other sources of evidence, including eel remains that had been 
recovered in the Åmose (Enghoff 1994). It was concluded that they were perhaps used 
as a source of artificial illumination for eel fishing as had been previously proposed 
(Hulthén 1977) and may have been related to the dugouts of the period (Andersen 
2011b, 2013b). 
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Summaries of the samples   
Havnø Unknown                      ACAB 
Sample ACAB included numerous pottery sherds that precluded assignment to cultural 
epoch. The sherds were recovered from grid square 101/95 and collectively weighed 
14.2 g. 
 
Havnø Unknown                     ACAB-I 
Sherd ACAB-I was a rim fragment from a vessel of unknown cultural epoch (Figure 1). 
The sherd was decorated on the exterior of the rim with incised lines. The sherd 
weighed 1.5 g. It was not possible to estimate the percentage of the vessel edge and thus 
the interior curvature. While it had been constructed using the N-technique, there was 
an absence of visible temper. The sherd measured 6.1 mm in thickness. Additionally, it 
was neither possible to ascertain the type of the vessel or measure the thickness of the 
coils. There was no evidence of adhering surface deposits. 
 
Figure 1: Photograph showing the exterior of sherd 
ACAB-II.   
 
 
 
 
 
 
 
 
 
 
 
Havnø Unknown                    ACAB-II 
Sherd ACAB-II was a body fragment from a vessel of unknown cultural epoch (Figure 
2). There was a slight kink in the profile of the sherd that suggests that it derived from 
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the neck of a vessel, however, it has been identified as deriving from the upper body. 
The sherd weighed 7.1 g. The sherd represented ca. 7% of the edge of a vessel with an 
interior curvature of ca. 7 cm. It had been constructed using the N-(?) technique with 
pink granite being the main derivative. The sherd measured 7 mm in thickness. There 
was no evidence of surface deposits.   
 
Figure 2: Photograph showing the interior of sherd ACAB-
II (scale 3 cm).  
 
 
 
 
 
 
 
 
 
Havnø Unknown                        AFCW-I 
Sherd AFCW-I was a neck fragment from a vessel of unknown cultural epoch. There 
was a slight flare in the profile of the sherd that suggests that it derived from the neck of 
a possible Funnel Beaker vessel. The sherd was recovered from the sixth level, at a 
depth of between 188/198, of the AFCF column sample that was excavated in grid 
square 93/99. The sherd weighed 6.6 g. The sherd-represented ca. 10% of the edge of a 
vessel with an interior curvature of ca. 3 cm. While it has been constructed using the N-
technique there was an absence of visible temper. The sherd measured 7.6 mm in 
thickness and derived from a possible drinking vessel. The coils made during 
construction-measured ca. 9.9 mm in thickness. There was no evidence of adhering 
surface deposits. The sherd potentially refits with sherd AFCW-II (Figure 3). 
 
Havnø Unknown                             AFCW-II 
Sherd AFCW-II was a rim fragment from a vessel of unknown cultural epoch (Figure 
4). The sherd was decorated on the exterior rim with incised lines (Koch 1998, 100). 
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The sherd was recovered from the sixth level, at a depth of between 188/198, of the 
AFCF column sample that was excavated in grid square 93/99. The sherd weighed 4.0 
g. The sherd represented ca. 4% of the edge of a vessel with an interior curvature of ca. 
7 cm. While it has been constructed using the N-technique, there was an absence of 
visible temper. It was not possible to ascertain the type of vessel that the sherd derived 
from, however, the sherd measured 8.6 mm in thickness. The coils made during 
construction-measured ca. 9.6 mm in thickness. There was no evidence of adhering 
surface deposits. The sherd potentially refits with sherd AFCW-I (Figure 4). 
 
 
Figure 3: Photograph showing the exterior refitted sherds AFCW-I and AFCW-II. 
 
Havnø TRB                               AQA 
Sherd AQA is a body fragment from a Funnel Beaker vessel (Figures 5 and 6). 
Although contextual and provenience data is lacking, the sherd weighed 12.5 g. The 
sherd represented ca. 4% of the edge of a vessel with an interior curvature of ca. 12 cm. 
It had been constructed using the U-(?) technique with pink granite being the main 
derivative. The sherd measured 9.1 mm in thickness. It was not possible to ascertain the 
type of the vessel, however, the coils made during construction measured ca. 8.0 mm in 
thickness. There was no evidence of adhering surface deposits.    
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Figure 4: Photograph showing the interior of refitted 
sherds AFCW-I and AFCW-II.   
 
 
 
 
 
 
 
 
 
 
 
 
Figures 5 (left) and 6 (right): Photographs showing the exterior and interior of sherd AQA. 
 
Havnø TRB                                        AQH 
Sherd AQH was a body fragment from a Funnel Beaker vessel (Figures 7 and 8). 
Although contextual and provenience data is lacking, the sherd weighed 18.3 g. The 
sherd represented ca. 3% of the edge of a vessel with an interior curvature of ca. 18 cm. 
It had been constructed using the N-technique with pink, followed by white granite 
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being the main derivatives. The sherd measured 7.4 mm in thickness. It was not 
possible to ascertain the type of the vessel, however, the coils made during construction 
measured ca. 12.2 mm in thickness. There was no evidence of adhering surface 
deposits.    
 
 
Figures 7 (left) and 8 (right): Photographs showing the exterior and interior of sherd AQH. 
 
Havnø EBK                 DAO 
Sherd DAO is a refitted body fragment from an Ertebølle vessel (Figures 9 and 10). The 
sherd was recovered from grid square 99/100 and weighed 28.2 g. The sherd 
represented ca. 5% of the edge of a vessel with an interior curvature of ca. 17 cm. It had 
been constructed using either the H- or U-technique with pink granite being the main 
derivative. The sherd measured 15.1 mm in thickness. It was not possible to ascertain 
the type of the vessel, however, the coils made during construction-measured ca. 14.5 
mm in thickness. There was no evidence of adhering surface deposits.  
 
Havnø EBK                 DGX 
Sherd DGX was a body fragment from an Ertebølle vessel (Figures 11 and 12). The 
sherd was recovered from grid square 98/100 and weighed 66.3 g. The sherd 
represented ca. 7.5% of the edge of a vessel with an interior curvature of ca. 15 cm. It 
had been constructed using the H-technique with pink granite being the main derivative. 
The sherd measured 16.0 mm in thickness. It was not possible to ascertain the type of 
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the vessel, however, the coils made during construction measured ca. 12.0 mm in 
thickness. There was no evidence of adhering surface deposits. 
 
 
Figure 9: Photograph showing the exterior of sherd DAO. 
 
 
Figure 10: Photograph showing the interior of sherd DAO. 
  
115 
 
Figure 11: Photograph showing the exterior of sherd DGX. 
 
 
Figure 12: Photograph showing the interior of sherd DGX. 
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Havnø EBK                  FAF 
Sherd FAF was a rim/body fragment from an Ertebølle vessel (Figures 13 and 14). 
There was a slight flare present indicating that the sherd derived from the higher portion 
of the vessel, perhaps the neck region. Although contextual and provenience data is 
lacking, the sherd weighed 89.8 g. The sherd represented ca. 5% of the edge of a vessel 
with an interior curvature of ca. 12 cm. It had been constructed using the N-technique 
with pink granite being the main derivative. The sherd measured 15.5 mm in thickness. 
It was not possible to ascertain the type of the vessel, however, the coils made during 
construction-measured ca. 8.6 mm in thickness. There was no evidence of adhering 
surface deposits. 
 
Figure 13: Photograph showing the exterior of sherd FAF 
(scale 3 cm). 
 
 
 
 
 
Figure 14: Photograph showing the interior of sherd FAF. 
 
 
 
 
 
 
 
 
 
Havnø EBK                   FAJ 
Sherd FAJ was a body fragment from an Ertebølle vessel (Figures 15 and 16). The 
sherd was recovered from grid square 98/100 and weighed 51.5 g. The sherd 
represented ca. 5% of the edge of a vessel with an interior curvature of ca. 11 cm. It had 
been constructed using either the H- or N-technique with pink granite being the main 
derivative. The sherd measured 15.0 mm in thickness. It was not possible to ascertain 
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the type of the vessel, however, the coils made during construction-measured ca. 9.3 
mm in thickness. There was no evidence of adhering surface deposits. 
 
Figure 15: Photograph showing 
the exterior of sherd FAJ. 
 
 
 
 
 
 
 
 
 
 
Figure 16: Photograph 
showing the interior of sherd 
FAJ.  
 
 
 
 
 
 
 
 
 
Havnø EBK                  FBF 
Sherd FBF was a body fragment from an Ertebølle vessel. The sherd was recovered 
from grid square 98/100 and weighed 5.8 g. Since the sherd represented <1% of the 
edge of a vessel it was not possible to estimate the interior curvature. It had been 
constructed using the H-technique with pink granite being the main derivative. The 
sherd measured 14.0 mm in thickness. It was not possible to ascertain the type of the 
vessel, however, the coils made during construction-measured ca. 12.9 mm in thickness. 
A thin black deposit was adhering to the interior of the sherd.  
 
 
  
118 
Havnø EBK                 HXZ 
Sherd HXZ was a body fragment from an Ertebølle vessel (Figures 17 and 18). The 
sherd was recovered from the southeast quadrant of grid square 89/100 and weighed 
13.1 g. The sherd represented ca. 2.5% of the edge of a vessel with an interior curvature 
of ca. 8 cm. It had been constructed using either the N- or U-technique with pink granite 
being the main derivative. The sherd measured 14.1 mm in thickness. It was neither 
possible to ascertain the type of the vessel or measure the thickness of the coils made 
during construction. There was no evidence of adhering surface deposits. 
 
 
Figure 17: Photograph showing the exterior of sherd HXZ (note no scale). !
 Figure 18: Photograph showing 
the interior of sherd HXZ.  
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Havnø TRB                            JQT 
Sherd JQT was a fragment from the lower body of a Funnel Beaker vessel (Figures 19 
and 20). The sherd was recovered from grid square 98/101 and weighed 3.5 g. The 
sherd represented ca. 5.0% of the edge of a vessel with an interior curvature of ca. 10 
cm. It had been constructed using the N-technique with very fine white granite being the 
main derivative. The sherd measured 5.6 mm in thickness and derived from a globular 
vessel or jar. The coils made during construction-measured ca. 8.0 mm in thickness. 
There was no evidence of adhering surface deposits. 
 
 
Figures 19 (left) and 20 (right): Photographs showing the exterior and interior of sherd JQT (scales 3 
cm). 
 
Havnø TRB                          LMM 
Sherd LMM was a neck fragment from a flared Funnel Beaker vessel (Figures 20 and 
21). The sherd was recovered from grid square 98/99 and weighed 25.1 g. The sherd 
represented ca. 4% of the edge of a vessel with an interior curvature of ca. 18 cm. It had 
been constructed using the N-technique with white followed by pink granite being the 
main derivatives. The sherd measured 9.2 mm in thickness. It was not possible to 
ascertain the type of the vessel, however, the coils made during construction-measured 
ca. 12.3 mm in thickness. A thin black deposit was adhering to the interior of the sherd.  
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Figures 20 (left) and 21 (right): Photographs showing the exterior and interior of sherd LMM. Note the 
adhering food crust residue on the exterior (left figure). 
 
Havnø TRB                  LUQ 
Sherd LUQ was a body fragment from a Funnel Beaker vessel, perhaps a jar (Figures 22 
and 23). Although the sherd was slightly globular it was not possible to accurately 
assign it to a vessel type since the majority was absent. The sherd was recovered from 
grid square 98/99 and weighed 15.4 g. The sherd represented ca. 3% of the edge of a 
vessel with an interior curvature of ca. 22 cm. It had been constructed using the N-
technique with pink granite being the main derivative. The sherd measured 8.4 mm in 
thickness. It was not possible to ascertain the type of the vessel, however, the coils 
made during construction-measured ca. 8.5 mm in thickness. There was no evidence of 
adhering surface deposits. 
 
Havnø TRB                          MDP 
Sherd MDP was a body fragment from a Funnel Beaker vessel (Figures 24 and 25). The 
sherd derived from the lower body of a vessel and included a portion of the edge of the 
base. The sherd was recovered from grid square 98/98 and weighed 38.4 g. The sherd 
represented ca. 7.5 % of the edge of a vessel with an interior curvature of ca. 17 cm. It 
had been constructed using the N-technique with fine pink followed by white granite 
being the main derivatives. The sherd measured 7.8 mm in thickness. It was neither 
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possible to ascertain the type of the vessel or measure the thickness of the coils made 
during construction. There was no evidence of adhering surface deposits. 
 
 
Figures 22 (left) and 23 (right): Photographs showing the exterior and interior of sherd LUQ. 
 
 
Figure 24: Photograph showing the exterior of sherd MDP (scale 3 cm). 
  
122 
 
Figure 25: Photograph showing the interior of sherd MDP (scale 3 cm). 
 
Havnø EBK                  PCE 
Sherd PCE was a refitted body fragment from an Ertebølle vessel (Figures 26 and 27). 
The sherd was recovered from grid square 101/99 and weighed 182.7 g. The sherd 
represented between 10.0-12.5% of the edge of a vessel with an interior curvature of ca. 
13 cm. It had been constructed using the H-technique with pink granite being the main 
derivative. The sherd measured 15.5 mm in thickness. It was not possible to ascertain 
the type of the vessel, however, the coils made during construction-measured ca. 13.5 
mm in thickness. In addition, fingernail impressions are visible. There was no evidence 
of adhering surface deposits.  
 
Havnø EBK                   SLG 
Sherd SLG was a body fragment of an Ertebølle vessel (Figures 28 and 29). The sherd 
was recovered from a pit (LHL) in the southwest quadrant of grid square 99/99 and 
weighed 24.8 g. The sherd represented ca. <5% of the edge of a vessel with an interior 
curvature of ca. 14 cm. It had been constructed using the N- or U- (cf. U-) technique 
with pink granite being the main derivative. The sherd measured 14.5 mm in thickness. 
It was not possible to ascertain the type of the vessel, however, the coils made during 
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construction measured ca. 10.0 mm in thickness. There was no evidence of adhering 
surface deposits.  
 
 Figures 26 (above) and 27 
(left): Photographs showing the 
exterior and interior of sherd 
PCE (scale 10 cm).  
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Figure 28: Photograph showing the exterior of sherd SLG. 
 
 
Figure 29: Photograph showing the interior of sherd SLG. 
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Havnø EBK                   TBU 
Sherd TBU was a body fragment of an Ertebølle vessel (Figures 30 and 31). The sherd 
was recovered from grid square 97/99 and weighed 39.0 g. The sherd represented ca. 
4% of the edge of a vessel with an interior curvature of ca. 20 cm. It had been 
constructed using the H-technique with pink granite being the main derivative. The 
sherd measured 16.8 mm in thickness. It was not possible to ascertain the type of the 
vessel, however, the coils made during construction-measured ca. 12.1 mm in thickness. 
There was no evidence of adhering surface deposits.  
 
Figure 30: Photograph showing the exterior of 
sherd TBU. 
 
 
 
 
 
 
 
 
Figure 31: Photograph showing the interior of 
sherd TBU. 
 
 
 
 
 
 
 
 
Havnø EBK                           TEW 
Sherd TEW was a body fragment of an Ertebølle vessel (Figures 32 and 33). The sherd 
was recovered from grid square 97/99 and weighed 17.9 g. The sherd represented ca. 
<5.0% of the edge of a vessel with an interior curvature of ca. 11 cm. It had been 
constructed using the H-technique with pink granite being the main derivative. The 
sherd measured 15.0 mm in thickness. It was neither possible to ascertain the type of the 
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vessel or the thickness of the coils. A thin black deposit was adhering to the interior of 
the sherd. 
 
Figure 32: Photograph showing 
the exterior of sherd TEW. 
 
 
 
 
 
 
 
 
 
 
Figure 33: Photograph showing 
the interior of sherd TEW. Note 
the adhering food crust.  
 
 
 
 
 
 
 
 
 
Havnø TRB                     TU 
Sherd TU was a body fragment of a Funnel Beaker vessel (Figures 34 and 35). The 
sherd was recovered from grid square 99/99 and weighed 11.2 g. The sherd represented 
ca. 5.0% of the edge of a vessel with an interior curvature of ca. 16.5 cm. It had been 
constructed using the N-technique with pink, followed by white, granite being the main 
derivatives. The sherd measured 7.3 mm in thickness. It was neither possible to 
ascertain the type of the vessel despite its globular appearance or the thickness of the 
coils. There was no evidence of adhering surface deposits.  
 
  
127 
Figure 34: Photograph 
showing the exterior of sherd 
TU. 
 
 
 
 
 
 
 
 
Figure 35: Photograph showing 
the interior of sherd TU (scale 
3 cm).  
 
 
 
 
 
 
 
 
 
Havnø Unknown                 UOL 
Sherd UOL was a refitted fragment from the neck of a vessel of unknown cultural epoch 
(Figures 36 and 37). The sherd was recovered from the second level of the RZO column 
sample that was excavated in grid square 101/95. The sherd weighed 10.6 g. The sherd 
represented ca. 3% of the edge of a vessel with an interior curvature of ca. 17 cm. It had 
been constructed using the N-technique with pink granite being the main derivative. It 
was not possible to ascertain the type of vessel that the sherd derived from, however, the 
sherd measured 7.8 mm in thickness. The coils made during construction-measured ca. 
7.6 mm in thickness. There was no evidence of adhering surface deposits.  
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Figure 36: Photograph showing 
the exterior of sherd UOL. 
 
 
 
 
 
 
 
 
 
Figure 37: Photograph showing 
the interior of sherd UOL. 
 
 
 
 
 
 
 
 
 
 
Havnø TRB                  XXQ 
Sherd XXQ was a body fragment of a Funnel Beaker vessel (Figures 38 and 39). The 
sherd was recovered from grid square 109/102 and weighed 30.5 g. The sherd 
represented ca. 3.0% of the edge of a vessel with an interior curvature of ca. 21.0 cm. It 
had been constructed using the N-technique with pink, followed by white, granite being 
the main derivatives. It was not possible to ascertain the type of vessel that the sherd 
derived from, however, the sherd measured 8.9 mm in thickness. The coils made during 
construction-measured ca. 8.3 mm in thickness. There was no evidence of adhering 
surface deposits.  
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Figure 38: Photograph showing 
the exterior of sherd XXQ.  
 
 
 
 
 
 
 
 
 
 
Figure 39: Photograph 
showing the interior of sherd 
XXQ. 
 
 
 
 
 
 
 
 
 
 
Inter-site comparison  
For inter-site comparison, five sherds from the submerged settlement at Ronæs Skov 
and one isolated shard recovered from Gamborg Fjord were sampled at 
Moesgård Museum in April 2014. The sherds were selected based on a number of 
criteria including their typology and affiliation to cultural epoch. In addition, since 
numerous analyses has been undertaken on numerous ceramic sherds from Tybrind Vig 
(Craig et al. 2007, 2012; Fischer and Heinemeier 2003; Heron et al. 2013), they were 
sampled for inter-site comparison given the sites proximity to the submerged settlement 
in order to enhance our understanding of the types of foods cooked during the late 
Mesolithic Ertebølle culture in the region.  
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Since the visible food crusts on the six ceramic vessels were relatively thick (>1.0 mm), 
a residue sample was only removed as opposed to a portion of the sherd that would have 
been destructive.  
 
Gamborg Fjord                   NNU JR. NR. A7154 
Sample A7154 was a food crust that has been extracted from the interior of an isolated 
vessel that was recovered from Gamborg Fjord, Denmark.  
 
Ronæs Skov EBK                  ABE 
Sherd ABE was a body fragment of an Ertebølle vessel. It had been constructed with 
pink and white quartz as well as clay and sand being the main derivatives. The sherd 
measured 13 mm in thickness. A deposit was adhering to both the exterior and interior 
of the sherd. On the exterior, a very thin, <1.0 mm in thickness, black residue was 
present in patches. On the interior, the residue was black in colour and very thick, 
measuring >1.0 mm in thickness (Figure 40). It had coverage of ca. 80% of the interior 
of the sherd.  
 
Figure 40: Photograph showing 
the interior of sherd ABE (scale 
2.85 cm). 
 
 
 
 
 
 
 
 
 
 
 
Ronæs Skov EBK                          AFW 
Sherd AFW was a body fragment of an Ertebølle vessel. It had been constructed using 
the H-technique with pink quartz, clay and sand being the main derivatives. The sherd 
measured 10 mm in thickness. A thin deposit was adhering to both the exterior and 
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interior of the sherd. On the exterior, the residue is black in colour and measured <1.0 
mm in thickness. It was deposited in patches on the neck and body respectively and had 
coverage of ca. 25% (Figure 41). On the interior, the residue varied in colour from dark 
brown, almost black, to light sandy grey and measured <1.0 mm in thickness. It was 
deposited in patches, which probably formed as a band across the interior of the sherd 
(Figure 42).  
 
Figure 41: Photograph showing 
the exterior of sherd AFW 
(scale 15 cm). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Ronæs Skov EBK                          AQQ 
Sample AQQ was a food crust that has been extracted from sherd AQQ.  
 
Ronæs Skov EBK                 AWJ 
Sherd AWJ was a body fragment of an Ertebølle vessel (Figure 43). It had been 
constructed using the H-technique with pink and white quartz as well as clay and sand 
being the main derivatives. The sherd measured 13 mm in thickness. On the interior, the 
residue was black in colour, however, in places there was a very light sandy deposit that 
was perhaps post depositional. It measured between <1.0 and >1.0 mm in thickness and 
was deposited across the majority of the sherd with a coverage of ca. 75%.  
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Figure 42: Photograph showing 
the interior of sherd AFW (scale 
15 cm). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Ronæs Skov EBK                 AYU 
Sherd AYU was a refitted body fragment from an Ertebølle vessel (Figure 44). It had 
been constructed using the H-technique with pink followed by white quartz being the 
main derivatives. The sherd measured 16 mm in thickness. A thin deposit was adhering 
to both the exterior and interior of the sherd. On the interior, the residue was black in 
colour; however, in places there was a very light sandy deposit that was perhaps post 
depositional. It was deposited across the majority of the sherd and had coverage of ca. 
80%. During sampling two fish vertebrae were identified.    
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Figure 43: Photograph showing 
the interior of sherd AWJ (scale 
2.85 cm). 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 44: Photograph showing 
the interior of refitted sherd 
AYU (scale 15 cm). 
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STANDARD OPERATING PROCEDURES (SOP) 
 
5. ACID EXTRACTION OF ORGANIC RESIDUES FROM 
ARCHAEOLOGICAL CERAMICS 
 
LOCATION:    
 
B/S-BLOCK 
 
COSHH REF:  
 
Refer to the COSHH risk assessment for the GC process 
 
PRINCIPAL:  
 
Acid extraction of lipid residues from pottery sherds. 
 
SAMPLE TYPE:  
 
Ceramic powder from pottery sherds 
 
CAUTION:   
 
Sulfuric acid and Methanol are toxic, use fume extraction at all times. Wear eye 
protection, laboratory coat and gloves at all times when using sulfuric acid. 
Sulfuric acid will degrade gloves over time, always monitor the condition of your 
gloves if splashing occurs.  All users of the Nitrogen blow down must be trained 
to use the gas cylinder and blow down equipment before use. 
 
MATERIALS REQUIRED:   
 
Aluminium foil, Hach tubes, scintillation vials, auto-sample vials, Methanol 
(HPLC grade), DCM (HPLC grade), Sulfuric acid, Hexane (HPLC grade), 
C16/C18 fatty acid standard, C36 alkane standard, Pasteur pipettes, sterile 
glass wear, potassium carbonate (extracted 3x with DCM and baked at 350°C), 
glass wool (extracted 3x with DCM). 
 
PROCEDURE: 
 
All members of BioArCh wishing to use the GC in this way are responsible for 
ensuring that the procedures detailed in the SOP are followed when carrying 
out acid extraction of organic residues from pottery sherds. 
 
1.0  PREPARATION PROCEDURES: 
 
1.1  Make sure all glassware and tools are solvent rinsed (3x rinsing in DCM) 
between samples, or sterile. 
 
1.2  No more than 20 samples to be processed in one batch (18 samples + 1 
C16/C18 STD + 1 method blank). 
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2.0  LABELLING: 
 
2.1  Label both vial and lid with unique sherd identifier followed by I for 
interior surface or E for exterior surface. 
 
3.0  SAMPLE RETRIEVAL: 
 
3.1  Drill if possible at least 1g of sherd from the interior/exterior surface using 
a modelling drill with a tungsten carbide bit.   
     
3.2  Drill to a depth of 2 to 4mm. 
 
3.3  Collect sherd powder on aluminium foil and transfer to labelled 
           Hach tube. 
 
4.0  ACID EXTRACTION: 
 
4.1  Accurately weigh about 1g sherd powder into a clean, labelled Hach        
tube, leaving a portion of the sherd powder as a reserve sample if 
possible.  Reserve sample should be stored in freezer at −20°C. 
 
4.2 Using syringe add 100µl of isotopically measured C16/C18 fatty acid 
standard to a clean, labelled Hach tube and evaporate under nitrogen to 
dryness. 
 
4.3  Using Pasteur pipette add approximately 4ml of MEOH to pottery 
samples + C16/C18 standard + method blank. 
 
4.4  Sonicate for 15 minutes. 
 
4.4  Using Pasteur pipette add 800µl of pure sulphuric acid (under fumehood, 
wearing eye protection). 
 
4.5  Heat at 70ºC for 4 hours on the heating block. 
 
4.6 Prepare a Pasteur pipette by sample packing glass wool enough to plug 
the pipette and adding cleaned potassium carbonate (about 5 mm). 
Clean it passing 1-2ml of DCM through it. 
 
4.7  Centrifuge the samples at 3000rpm for 5 minutes and carefully pipette off 
the liquid extract into a clean, labelled Hach tube. 
 
4.8  Add 2ml hexane and use vortex to mix. 
 
4.9  Allow the hexane layer (top layer) to separate out and pipette off carefully 
through the prepared Pasteur pipette pack with potassium carbonate into 
a clean, labelled Hach tube. 
 
4.10  Repeat steps 4.8 and 4.9 twice more, combining the extracts. 
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4.11  Add finally 1ml of hexane through the pipette. 
 
4.12 Evaporate to dryness under a very gentle stream of nitrogen with gentle 
warmth. 
 
4.13 Add 1ml of hexane, mix with vortex and transfer to a clean hydrolysis 
vial. 
 
4.14  Repeat the previous step combining in the same vial and vortex. 
 
4.15 Using Pasteur pipette divide into 2 approximately equal parts (aliquots A 
& B) into clean, labelled scintillation vial. 
4.16 Continue to evaporate very gently to dryness. 
4.17 Store extracts in a freezer at −20°C until required for analysis. 
 
OR 
 
4.17 Using syringe Add 90ul of Hexane to re-suspend the sample, roll the vial 
in order to make sure the whole extract is suspended (including the 
neck). 
 
4.18 Add 10ul of the C36 alkane standard to a clean, labelled auto-sampling 
vial with 0.1ml conical insert. 
 
4.19 Transfer the 90ul of hexane + extract to the auto-sampling vial using 
Pasteur pipette or syringe. If using syringe clean the needle 10  
times with hexane between each sample.  
 
4.20  Analyse by GC/GC-MS and/or store in a refrigerator at 4°C (short-term) 
or in a freezer at −20°C (long term). 
 
5.0  BLANKS: 
5.1  For every run a method blank should be included. 
5.2  GC/GC-MS analysis of blanks will provide a measure of contamination 
introduced during the extraction of organic residues from sherds. 
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STANDARD OPERATING PROCEDURES (SOP) 
 
6. ACID EXTRACTION OF ORGANIC RESIDUES FROM FOOD CRUSTS 
AND BURNT RESIDUES PRESERVED ON ARCHAEOLOGICAL CERAMICS 
 
LOCATION:    
 
B/S-BLOCK 
 
COSHH REF:  
 
Refer to the COSHH risk assessment for the GC process 
 
PRINCIPAL:  
 
Acid extraction of lipid residues from food crusts and burnt residues preserved 
on archaeological ceramics.  
 
SAMPLE TYPE:  
 
Ceramic powder from pottery sherds 
 
CAUTION:   
 
Sulfuric acid and Methanol are toxic, use fume extraction at all times. Wear eye 
protection, laboratory coat and gloves at all times when using sulfuric acid. 
Sulfuric acid will degrade gloves over time, always monitor the condition of your 
gloves if splashing occurs.  All users of the Nitrogen blow down must be trained 
to use the gas cylinder and blow down equipment before use. 
 
MATERIALS REQUIRED:   
 
Aluminium foil, Hach tubes, scintillation vials, auto-sample vials, Methanol 
(HPLC grade), DCM (HPLC grade), Sulfuric acid, Hexane (HPLC grade), 
C16/C18 fatty acid standard, C36 alkane standard, Pasteur pipettes, sterile 
glass wear, potassium carbonate (extracted 3x with DCM and baked at 350°C), 
glass wool (extracted 3x with DCM). 
 
PROCEDURE: 
 
All members of BioArCh wishing to use the GC in this way are responsible for 
ensuring that the procedures detailed in the SOP are followed when carrying 
out acid extraction of organic residues from food crusts and burnt residues 
preserved on archaeological ceramics. 
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1.0  PREPARATION PROCEDURES: 
 
1.1  Make sure all glassware and tools are solvent rinsed (3x rinsing in DCM) 
between samples, or sterile. 
 
1.2  No more than 20 samples to be processed in one batch (18 samples + 1 
C16/C18 STD + 1 method blank). 
 
2.0  LABELLING: 
 
2.1  Label both vial and lid with unique sherd identifier followed by F for 
foodcrusts or S for surface residues. 
 
3.0  SAMPLE RETRIEVAL: 
 
3.1  Remove if possible at least 20mg of foodcrusts/surface residues from the 
interior/exterior surface by gently scraping with a clean scalpel. 
 
3.2  Collect the sample on aluminium foil and transfer to a clean, labelled 
scintillation vial. 
 
4.0  ACID EXTRACTION: 
 
4.1  Accurately weigh about 20mg of foodcrust/surface residues into a clean, 
labelled scintillation vial leaving a portion of the sample as a reserve 
sample if possible. Reserve sample should be stored in freezer at −20°C. 
 
4.2 Using syringe add 100µl of isotopically measured C16/C18 fatty acid 
standard to a clean, labelled Hach tube and evaporate under nitrogen to 
dryness. 
 
4.3  Using Pasteur pipette add approximately 1ml of MEOH to pottery 
samples + C16/C18 standard + method blank. 
 
4.4  Sonicate for 15 minutes. 
 
4.4  Using Pasteur pipette add 200µl of pure sulphuric acid (wearing eye 
protection). 
 
4.5  Heat at 70ºC for 4 hours on the heating block. 
 
4.6 Prepare a Pasteur pipette by sample packing glass wool enough to plug 
the pipette and adding cleaned potassium carbonate (about 5 mm). 
Clean it passing 1-2ml of DCM through it. 
 
4.7  Centrifuge the samples at 3000rpm for 5 minutes and carefully pipette off 
the liquid extract into a clean, labelled Hach tube. 
 
4.8  Add 2ml hexane and use vortex to mix. 
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4.9  Allow the hexane layer (top layer) to separate out and pipette off carefully 
through the prepared Pasteur pipette pack with potassium carbonate into 
a clean, labelled Hach tube. 
 
4.10  Repeat steps 4.8 and 4.9 twice more, combining the extracts. 
 
4.11  Add finally 1ml of hexane through the pipette. 
 
4.12 Evaporate to dryness under a very gentle stream of nitrogen with gentle 
warmth. 
 
4.13 Add 1ml of hexane, mix with vortex and transfer to a clean hydrolysis 
vial. 
 
4.14  Repeat the previous step combining in the same vial and vortex. 
 
4.15 Using Pasteur pipette divide into 2 approximately equal parts (aliquots A 
& B) into clean, labelled scintillation vial. 
4.16 Continue to evaporate very gently to dryness. 
4.17 Store extracts in a freezer at −20°C until required for analysis. 
 
OR 
 
4.17 Using syringe Add 90ul of Hexane to re-suspend the sample, roll the vial 
in order to make sure the whole extract is suspended (including the 
neck). 
 
4.18 Add 10ul of the C36 alkane standard to a clean, labelled auto-sampling 
vial with 0.1ml conical insert. 
 
4.19 Transfer the 90ul of hexane + extract to the auto-sampling vial using 
Pasteur pipette or syringe. If using syringe clean the needle 10  
times with hexane between each sample.  
 
4.20  Analyse by GC/GC-MS and/or store in a refrigerator at 4°C (short-term) 
or in a freezer at −20°C (long term). 
 
5.0  BLANKS: 
5.1  For every run a method blank should be included. 
5.2  GC/GC-MS analysis of blanks will provide a measure of contamination 
introduced during the extraction of organic residues from 
foodcrusts/surface residues. 
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Carbon and nitrogen stable isotope measurements obtained on charred food crusts from eight EBK 
vessels. Lower case letters (a-f) denote the number of duplicates that were analysed. 
 
Culture Sample code δ13C16:0 (‰) δ13C18:0 (‰) Δ13C (‰) 
EBK 4014_DAO -24.4 -28.0 -3.7 
EBK 4014_DGX -24.7 -25.7 -1.0 
EBK 4014_FAJ -26.2 -28.2 -2.0 
EBK 4014_HXZ -27.0 -29.6 -2.7 
EBK 4014_TEW -30.0 -28.5 1.5 
TRB 4014_LMM -27.8 -29.8 -1.9 
TRB 4014_TU -27.8 -30.4 -2.6 
TRB 4014_JQT -28.7 -32.6 -3.9 
TRB 4014_LUQ -29.0 -31.4 -2.3 
Single-compound stable isotope data obtained on extracted lipids (C16:0 and C18:0 fatty acids) from nine 
vessels recovered from Havnø. Note that all samples were powdered ceramics.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Site Sample  δ13CVPDB (‰) %C  δ15NAIR (‰)  %N  C:N 
Gamborg Fjord A7154a-d -23.2 47.5 4.9 4.9 11.4 
Ronæs Skov 3705_ABEa-d -23.1 34.8 4.9 3.9 10.4 
Ronæs Skov 3705_AQQa-d -23.0 33.2 5.0 3.3 11.8 
Ronæs Skov 3705_AFWa-d -25.0 42.2 6.6 2.7 18.5 
Ronæs Skov 3705_AWJa-f -23.4 40.6 6.7 4.4 10.9 
Ronæs Skov 3705_AYUa -21.8 49.5 5.6 6.3 9.2 
Teglgård-Helligkilde TH1fa+b -18.8 33.7 15.6 1.2 32.1 
Tybrind Vig 2033_BQL.E.Ra+b -22.6 22.2 12.3 2.8 9.4 
  
141 
Site Epoch Sample C36 C16 %C16 C18 %C18 
Total lipid 
concentration 
(ug/g-1) 
Åle EBK RGH-2 10 3.6 37.3 5.0 52.3 19.2 
Bjørnsholm TRB UAR-A 10 2.2 39.6 0.9 16.0 11.2 
Bjørnsholm TRB UAR-B 10 4.0 38.2 1.3 12.6 21.0 
Gamborg 
Fjord EBK A7154 10 60.3 23.8 20.9 8.2 254.0 
Havnø EBK DAO 10 18.2 64.5 14.4 51.1 56.5 
Havnø EBK DGX 10 4.3 45.8 2.6 27.7 18.9 
Havnø EBK FAF 10 17.6 44.1 10.6 26.5 79.8 
Havnø EBK FAJ 10 8.8 22.0 5.3 13.3 39.9 
Havnø EBK FBF 10 3.8 36.9 2.8 27.1 20.6 
Havnø EBK HXZ 10 11.8 53.4 11.4 51.4 44.3 
Havnø EBK PCE 10 17.7 66.5 9.8 36.8 53.2 
Havnø EBK SLG 10 6.4 57.7 4.3 39.3 6.4 
Havnø EBK TBU 10 3.1 46.7 2.7 39.6 13.4 
Havnø EBK TEW 10 14.7 61.2 8.3 34.8 47.9 
Havnø EBK TEW.I.R n. d.           
Havnø TRB TU a n p           
Havnø TRB AQA a n p           
Havnø TRB AQH a n p           
Havnø TRB JQT a n p           
Havnø TRB LMM a n p           
Havnø TRB LMM.I.R a n p           
Havnø TRB LUQ a n p           
Havnø TRB MDP a n p           
Havnø TRB XXQ a n p           
Havnø n. d. ACAB-II a n p           
Havnø n. d. UOL a n p           
Havnø n. d. AFCW-I a n p           
Havnø n. d. AFCW-II a n p           
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Site Epoch Sample C36 C16 %C16 C18 %C18 
Total lipid 
concentration 
(ug/g-1) 
Ronæs Skov EBK ABE 10 35.9 31.7 16.7 14.7 226.8 
Ronæs Skov EBK AQQ 10 10.6 13.7 4.2 5.5 77.2 
Ronæs Skov EBK AFW 10 15.0 34.0 5.2 11.7 88.5 
Ronæs Skov EBK AWJ 10 37.8 37.1 29.0 28.5 203.7 
Ronæs Skov EBK AYU 10 38.7 35.0 12.7 11.5 221.1 
Teglgård-
Helligkilde EBK 1f (1-s)  10 14.3 25.5 12.0 21.4 56.2 
Teglgård-
Helligkilde EBK 1f (1-f) a n p           
Tybrind Vig EBK BQL.E.R 10 1.3 30.1 1.0 23.1 4.1 
Tybrind Vig EBK INT.I.R a n p           
Table summarising the GC data of all samples. Note that although three sherds were run in duplicate 
(3705_ABE, 3705_AWJ and 3705_AYU) those samples with greater quantities of lipids are only reported. 
Key: analysis not performed, a n p., no data, n. d.  
 
  
143 
 
Total ion chromatograms for eight of the Havnø ceramic sherds. 
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Total ion chromatograms for eight of the Havnø ceramic sherds. 
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Total ion chromatograms for six of the Havnø ceramic sherds as well as the sherds from the Åle and 
Bjørnsholm kitchen middens.  
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Total ion chromatograms for the five Ronæs Skov ceramic sherds as well as the sherds from Gamborg 
Fjord, Teglgård-Helligkilde and Tybrind Vig.  
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Site Epoch  Sample  δ
13C 
(‰) %C 
 δ15N 
(‰)  %N  C:N Reference 
Published 
Agernæs EBK 5563x674 -18.1         Richter and Noe-Nygaard 2003 
Agernæs EBK 5563x370 -24.2         Richter and Noe-Nygaard 2003 
Åkonge EBK 
KML 
49.5/75.5:2
0 
-32.5         
Fischer and 
Heinemeier 2003; 
Heron et al. 2013 
Øgårde kar S TRB NMA 51879 -27.5   6.4   9.3 Craig et al. 2007 
Teglgård-
Helligkilde EBK TH1f -19.0   4.7   34.0 
Craig et al. 2011; 
Heron et al. 2013 
Tybrind Vig EBK 2033 BOF -24.6   7.5   6.7 Craig et al. 2007, 2011  
Tybrind Vig EBK 2033 QME -21.9   7.0   5.8 Craig et al. 2007, 2011  
Tybrind Vig EBK 2033 RAG -21.1   8.0   11.7 Craig et al. 2007, 2011  
Tybrind Vig EBK 2033 RBD -22.3   8.7   14.3 Craig et al. 2007, 2011  
Tybrind Vig EBK 2033 RCF -22.8   9.9   18.3 Craig et al. 2007, 2011  
Tybrind Vig EBK 2033 SGB -23.6   7.3   15.2 Craig et al. 2007, 2011  
Unpublished  
Åkonge TRB 
KML 
49.5/75.5:4
f 
-27.8   9.0   6.8 Craig and Heron 
Åkonge TRB 
KML 
49.5/74.0:1
27f 
-24.0   7.8   6.4 Craig and Heron 
Åkonge TRB 
KML 
49.5/76.5:9
f 
-28.6 16.1 8.4 2.7 7.2 Craig and Heron 
Åkonge EBK 
KML 
49.5/77.0:1
13f 
-29.6   7.3   8.3 Craig and Heron 
Åkonge TRB 
KML 
49.5/77.5:8
0f 
-28.9   7.3   8.4 Craig and Heron 
Åkonge EBK 
KML 
49.5/78.0:4
9f1+2 
-28.2   7.6   8.8 Craig and Heron 
Åkonge TRB 
KML 
50.0/74.0:1
2f 
-29.5   8.7   7.0 Craig and Heron 
Åkonge TRB 
KML 
50.0/74.0:9
f 
-28.4 19.0 8.4 34.5 6.5 Craig and Heron 
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Site Epoch  Sample  δ
13C 
(‰) %C 
 δ15N 
(‰)  %N  C:N Reference 
Åkonge EBK 
KML 
50.0/75.5:8
4f 
-27.5   7.7   6.9 Craig and Heron 
Åkonge TRB 
KML 
50.0/75.5:8
s 
-27.2 47.0 10.7 10.8 10.4 Craig and Heron 
Åkonge TRB 
KML 
50.0/76.0:8
f 
-26.5   7.3   10.4 Craig and Heron 
Åkonge TRB 
KML 
50.0/77.5:1
0f 
-26.5 37.8 10.1 6.4 6.8 Craig and Heron 
Åkonge EBK 
KML 
50.0/78.5:2
s 
-27.0 46.9 11.4 4.1 36.8 Craig and Heron 
Roskilde Fjord TRB N53073fb3       -27.3       102.8 Craig and Heron 
Salpetermosen TRB N44729fb3             -26.3   4.6   7.3 Craig and Heron 
Stenø  TRB ST_X003_176 -27.4   11.0   16.7 Craig and Heron 
Stenø  EBK ST_X004_201f -29.2   6.7   8.7 Craig and Heron 
Stenø  EBK ST_X004_205f -27.7   7.8   8.9 Craig and Heron 
Stenø  TRB ST_X017_177s -27.3   10.9   15.4 Craig and Heron 
Stenø  TRB ST_X018_213 -27.0   9.8   14.6 Craig and Heron 
Stenø  TRB ST_X018_213f -27.5   6.1   7.6 Craig and Heron 
Stenø  EBK ST_X018_215f -28.1   5.9   8.9 Craig and Heron 
Stenø  TRB ST_X019_193f -28.1   7.5   8.2 Craig and Heron 
Stenø  EBK ST_X026_222f -27.6   7.9   7.0 Craig and Heron 
Stenø  EBK ST_X028_217f -28.2   8.1   10.2 Craig and Heron 
Stenø  TRB ST_X036_096f -30.4   8.3   9.3 Craig and Heron 
Stenø  TRB ST_X082_015f -28.3   7.3   8.5 Craig and Heron 
Stenø  TRB ST_X082_015s -27.4   11.8   20.6 Craig and Heron 
Stenø  EBK ST_X082_029f -28.4   7.7   12.3 Craig and Heron 
Stenø  TRB ST_X082_015 -27.4   11.8   20.6 Craig and Heron 
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Site Epoch  Sample  δ
13C 
(‰) %C 
 δ15N 
(‰)  %N  C:N Reference 
Stenø  EBK ST_X087_007f -28.6   6.3   7.6 Craig and Heron 
Stenø  EBK ST_X095_039f -26.5   7.7   11.0 Craig and Heron 
Stenø  EBK ST_X095_047f -26.5   7.7   11.0 Craig and Heron 
Stenø  EBK ST_X095_047f -28.6   7.7   8.3 Craig and Heron 
Stenø  EBK ST_X095_047s -27.0   9.8   14.6 Craig and Heron 
Carbon and nitrogen isotope measurements obtained on charred surface deposits from Danish EBK and 
TRB vessels. Not determined (blank). Key: (s) exterior surface deposits: (f) interior surface deposit. 
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Site (sample) SFAs UFAs Isopre. FA APFAs Other lipids present Reference 
Åkonge 
(KML 
49.5/75.5:20i) 
C7:0–
C32:0 
C14:1–
C24:1, 
C18:2 
Phytanic  
cholesterol and 
cholesterol oxidation 
products, mono- and 
di-hydroxy fatty acids 
(C16, C18), diacids 
(C8:0di–C10:0di), 
MAGs (C14–C20), 
ketones (C29–C35) 
Heron et al. 
2013 
Åkonge 
(KML 
49.5/78.0:49i) 
    TMTD, phytanic 
C16, C18, 
C20, C22 
(trace) 
  Craig et al. 2011 
Åkonge 
(KML 
50.0/74.0:12i) 
    TMTD, phytanic 
C16, C18, 
C20, C22 
(trace) 
  Craig et al. 2011 
Åkonge 
(KML 
50.0/77.5:10f) 
    Phytanic C18, C20   Craig et al. 2011 
Åkonge 
(KML 
50.0/78.5:2s) 
    Phytanic C18, C20   Craig et al. 2011 
Ringkloster 
(1592 AACJB)   
C20:3, 
C18:3, 
C16:3 
TMTD     Craig et al. 2007 
Store/Lille 
Åmose 
(Jordløse Mose 
VIII) 
  
C20:3, 
C18:3, 
C16:3 
Phytanic     Craig et al. 2007 
Store/Lille 
Åmose 
(Jordløse Mose 
XV) 
  C20:3, C18:3 Phytanic     
Craig et al. 
2007 
Store/Lille 
Åmose 
(Maglelyng) 
  
C20:3, 
C18:3, 
C16:3 
TMTD, 
phytanic     
Craig et al. 
2007 
Store/Lille 
Åmose 
(Øgårde kar A) 
  C18:3       Craig et al. 2007 
Store/Lille 
Åmose 
(Øgårde kar S) 
  
C20:3, 
C18:3, 
C16:3 
Phytanic     Craig et al. 2007 
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Site (sample) SFAs UFAs Isopre. FA APFAs Other lipids present Reference 
Store/Lille 
Åmose 
(Tømmerup 
Mose) 
  C18:3       Craig et al. 2007 
Store/Lille 
Åmose 
(Ulkestrup 
Lyng) 
  
C20:3, 
C18:3, 
C16:3 
      Craig et al. 2007 
Teglgaard-
Helligkilde 
(TH1f) 
C6:0–
C26:0 
C16:1–
C24:1, 
C18:2 
TMTD, 
phytanic 
C16, C18, 
C20, C22 
cholesterol and 
cholesterol oxidation 
products, mono- and 
dihydroxy fatty acids 
(11-, 12-dihydroxy, 
C16, C18, C20), 
diacids (C4:0di–
C9:0di) 
Craig et al. 
2011; Heron 
et al. 2013 
Teglgaard-
Helligkilde 
(TH1i) 
C6:0–
C32:0 
C16:1–
C24:1, 
C18:2–
C20:2 
TMTD, 
phytanic 
C16, C18, 
C20, C22 
cholesterol and 
cholesterol oxidation 
products, mono- and 
dihydroxy fatty acids 
(11-, 12-dihydroxy, 
C16, C18, C20), 
diacids (C4:0di–
C10:0di) 
Craig et al. 
2011; Heron 
et al. 2013 
Tybrind Vig 
(2033 BGC)   C18:3       
Craig et al. 
2007 
Tybrind Vig 
(2033 BHJ)   
C20:3, 
C18:3       
Craig et al. 
2007 
Tybrind Vig 
(2033 BOF)   C18:3       
Craig et al. 
2007 
Tybrind Vig 
(2033 CAD)   
C20:3, 
C18:3 
TMTD, 
phytanic 
C16, C18, 
C20, C22 
(trace) 
  Craig et al. 2007, 2011 
Tybrind Vig 
(2033 Ei) 
C8:0–
C24:0 
C16:1–
C18:1, 
C18:2 
N.D. N.D. 
cholesterol, 
dihydroxy fatty acid 
(C18), diacid (C9di), 
dehydroabietic acid 
Heron et al. 
2013 
Tybrind Vig 
(2033 MDB)   C18:3       
Craig et al. 
2007 
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Site (sample) SFAs UFAs Isopre. FA APFAs Other lipids present Reference 
Tybrind Vig 
(2033 NRW)   
C20:3, 
C18:3, 
C16:3 
Phytanic     Craig et al. 2007 
Tybrind Vig 
(2033 PCM)   C18:3       
Craig et al. 
2007 
Tybrind Vig 
(2033 PJR)   C18:3       
Craig et al. 
2007 
Tybrind Vig 
(2033 PST)   C18:3       
Craig et al. 
2007 
Tybrind Vig 
(2033 RAG)   
C20:3, 
C18:3, 
C16:3 
TMTD, 
phytanic 
C16, C18, 
C20, C22 
(trace) 
  Craig et al. 2007, 2011 
Tybrind Vig 
(2033 RBD)   
C20:3, 
C18:3, 
C16:3 
TMTD, 
phytanic 
C16, C18, 
C20, C22 
(trace) 
  Craig et al. 2007, 2011 
Tybrind Vig 
(2033 SGB)   
C20:3, 
C18:3, 
C16:3 
  
C16, C18, 
C20, C22 
(trace) 
  Craig et al. 2007, 2011 
Published molecular results: GC-MS.  Saturated fatty acids (SFAs), unsaturated fatty acids (UFAs), alkyl 
phenolic fatty acids (APFAs), isoprenoid fatty acids (Isopre. FAs). Blank: no data. 
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Site Epoch Sample  δ
13C16:0 
(‰) 
δ13C18:0 
(‰) 
Δ13
C 
(‰) 
Reference 
Published 
Åkonge EBK KML 49.5/75.5:20 -30.4 -33.1 -2.7 
Fischer and 
Heinemeier 2003; 
Heron et al. 2013 
Åkonge EBK KML 49.5/75.5:20i -30.7 -34.4 -3.7 Craig et al. 2011 
Åkonge EBK KML 49.5/77.0:113i -29.8 -32.5 -2.7 Craig et al. 2011 
Åkonge EBK KML 49.5/78.0:49i -29.5 -33.3 -3.8 Craig et al. 2011 
Åkonge EBK KML 50.0/75.5:84i -30.9 -33.0 -2.1 Craig et al. 2011 
Åkonge EBK KML 50.0/77.0:155i -29.9 -33.6 -3.7 Craig et al. 2011 
Åkonge EBK KML 50.0/78.5:2i -29.8 -32.4 -2.6 Craig et al. 2011 
Åle EBK 325 LQYIM -19.0 -14.6 4.4 Craig et al. 2011 
Teglgård-
Helligkilde EBK TH1i -18.1 -18.5 -0.5 Craig et al. 2011 
Teglgård-
Helligkilde EBK TH1i -17.3 -17.2 0.1 Heron et al. 2013 
Teglgård-
Helligkilde EBK TH1f -15.7 -15.1 0.6 
Craig et al. 2011; 
Heron et al. 2013 
Tybrind Vig EBK 2033 BGCIM -28.8 -24.3 4.5 Craig et al. 2007, 2011  
Tybrind Vig EBK 2033 BOF -24.2 -27.7 -3.6 Craig et al. 2007, 2011  
Tybrind Vig EBK 2033 CAD -25.4 -25.9 -0.5 Craig et al. 2007, 2011  
Tybrind Vig EBK 2033 EI -28.3 -30.2 -1.9 Craig et al. 2007, 2011  
Tybrind Vig EBK 2033 PST -22.4 -24.2 -1.8 Craig et al. 2007, 2011  
Tybrind Vig EBK 2033 QME -21.5 -24.1 -2.6 Craig et al. 2007, 2011  
Tybrind Vig EBK 2033 RAG -26.9 -29.9 -3.0 Craig et al. 2007, 2011  
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Site Epoch Sample  δ
13C16:0 
(‰) 
δ13C18:0 
(‰) 
Δ13
C 
(‰) 
Reference 
Tybrind Vig EBK 2033 RBD -23.9 -24.3 -0.4 Craig et al. 2007, 2011  
Tybrind Vig EBK 2033 RCF -25.1 -24.9 0.3 Craig et al. 2007, 2011  
Tybrind Vig EBK 2033 SGB -24.4 -26.2 -1.8 Craig et al. 2007, 2011  
Tybrind Vig EBK 2033 FJL -23.1 -23.5 -0.4 Craig et al. 2011 
Tybrind Vig EBK 2033 LGKM -24.0 -29.4 -5.4 Craig et al. 2011 
Tybrind Vig EBK 2033 OB -27.4 -30.9 -3.5 Craig et al. 2011 
Tybrind Vig EBK 2033 PHBM -19.9 -23.9 -4.1 Craig et al. 2011 
Tybrind Vig EBK 2033 SCJ -17.6 -18.9 -1.3 Craig et al. 2011 
Tybrind Vig EBK 2033 BQRIM -19.0 -25.1 -6.0 Craig et al. 2011 
Tybrind Vig EBK 2033 BQYIM -17.2 -16.2 1.0 Craig et al. 2011 
Tybrind Vig EBK 2033 LGAIM -22.2 -22.3 -0.1 Craig et al. 2011 
Åkonge TRB KML 49.5/74.0:127i -29.0 -32.0 -3.0 Craig et al. 2011 
Åkonge TRB KML 49.5/76.5:9i -30.2 -30.6 -0.4 Craig et al. 2011 
Åkonge TRB KML 49.5/77.0:18i -29.9 -33.7 -3.8 Craig et al. 2011 
Åkonge TRB KML 49.5/77.0:26i -30.3 -31.7 -1.4 Craig et al. 2011 
Åkonge TRB KML 49.5/77.5:80i -29.2 -31.0 -1.8 Craig et al. 2011 
Åkonge TRB KML 50.0/74.0:12i -29.7 -31.4 -1.7 Craig et al. 2011 
Åkonge TRB KML 50.0/74.0:9i -30.1 -31.2 -1.1 Craig et al. 2011 
Åkonge TRB KML 50.0/75.5:8i -30.4 -33.7 -3.3 Craig et al. 2011 
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Site Epoch Sample  δ
13C16:0 
(‰) 
δ13C18:0 
(‰) 
Δ13
C 
(‰) 
Reference 
Åkonge TRB KML 50.0/76.0:8i -29.9 -33.4 -3.5 Craig et al. 2011 
Åkonge TRB KML 50.0/76.0:98i -28.0 -30.5 -2.5 Craig et al. 2011 
Åkonge TRB KML 50.0/77.5:10i -29.4 -30.4 -1.0 Craig et al. 2011 
Åkonge TRB KML 50.0/78.5:11i -29.1 -33.2 -4.1 Craig et al. 2011 
Åkonge TRB KML Peter's Pot i -30.5 -33.8 -3.3 Craig et al. 2011 
Bjørnsholm TRB 2911 102 -29.5 -33.5 -4.0 Craig et al. 2011 
Bjørnsholm TRB 2911 ACEKM -26.1 -29.2 -3.1 Heron et al. 2007; Craig et al. 2011 
Bjørnsholm TRB 2911 ACELIM -28.0 -30.6 -2.5 Craig et al. 2011 
Bjørnsholm TRB 2911 ACZVM -27.4 -29.1 -1.7 Craig et al. 2011 
Bjørnsholm TRB 2911 AEGE -27.3 -27.1 0.2 Craig et al. 2011 
Bjørnsholm TRB 2911 AGGE -28.1 -32.3 -4.2 Craig et al. 2011 
Bjørnsholm TRB 2911 AMBRM -15.7 -18.9 -3.3 Heron et al. 2007; Craig et al. 2011 
Bjørnsholm TRB 2911 ATM -26.3 -31.4 -5.1 Craig et al. 2011 
Bjørnsholm TRB 2911 YNM -21.1 -28.8 -7.7 Craig et al. 2011 
Norsminde  TRB 1734 PJO -21.2 -18.9 2.3 Craig et al. 2011 
Norsminde TRB 1734 NJN -20.7 -23.6 -2.9 Craig et al. 2011 
Roskilde Fjord TRB N53073fb3              -29.4 -33.8 -4.5 Craig et al. 2011 
Øgårde kar S TRB NMA 51879 -29.5 -32.8 -3.3 Craig et al. 2007 
Salpetermosen TRB N44729fb3             -26.8 -26.0 0.8 Craig et al. 2011 
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Site Epoch Sample  δ
13C16:0 
(‰) 
δ13C18:0 
(‰) 
Δ13
C 
(‰) 
Reference 
Unpublished 
Åkonge EBK KML 49.5/77.0:113f -31.0 -32.3 -1.3 Craig and Heron 
Åkonge EBK KML 49.5/78.0:49f1+2 -29.3 -32.4 -3.1 Craig and Heron 
Åkonge EBK KML 50.0/75.5:84f -30.5 -34.3 -3.8 Craig and Heron 
Åkonge TRB KML 50.0/74.0:12f -31.0 -32.3 -1.3 Craig and Heron 
Åkonge TRB KML 50.0/76.0:98f -28.1 -30.1 -2.0 Craig and Heron 
Bjørnsholm TRB 2911 UARM -12.0 -23.9 -11.9 Craig and Heron 
Jordløse Mose 
VIII TRB NMA 40764 -29.7 -33.0 -3.3 Craig and Heron 
Jordløse Mose 
XV TRB m39114 -28.1 -32.5 -4.3 Craig and Heron 
Jordløse Mose 
XX TRB 
nmia 4.08.82i 
(NMA_40882i) -32.6 -33.1 -0.5 Craig and Heron 
Jordløse Mose 
XX TRB 
nmia 4.08.83f 
(NMA_40883) -30.3 -31.2 -0.9 Craig and Heron 
Jordløse Mose 
XX TRB 
nmia 4.08.83i 
(NMA_40883) -31.3 -33.0 -1.7 Craig and Heron 
Maglelyng 2 TRB nmia 4.98.18i (NMA_49818) -29.2 -33.3 -4.1 Craig and Heron 
Maglelyng 2 TRB nmia 4.98.19i (NMA_49819) -31.5 -32.4 -0.9 Craig and Heron 
Målevgårds Mose TRB nmia 4.02.11i (NMA_40211i) -29.4 -31.4 -2.0 Craig and Heron 
Målevgårds Mose TRB nmia 4.02.11f (NMA_40211f) -28.6 -31.3 -2.7 Craig and Heron 
Øgårde kar A TRB M54867a -28.5 -34.7 -6.2 Craig and Heron 
Ringkloster EBK 1592 ARSBW -27.1 -26.4 0.8 Craig and Heron 
Ringkloster EBK 15 ACETIM -31.7 -31.7 0.0 Craig and Heron 
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Site Epoch Sample  δ
13C16:0 
(‰) 
δ13C18:0 
(‰) 
Δ13
C 
(‰) 
Reference 
Ringkloster EBK 159 CJBIM -29.5 -30.1 -0.6 Craig and Heron 
Ringkloster EBK 150 VGIM -27.4 -29.2 -1.8 Craig and Heron 
Ringkloster EBK 15 EAJJIM -26.4 -32.6 -6.2 Craig and Heron 
Ringkloster EBK 15 ACFEIM -26.1 -28.8 -2.7 Craig and Heron 
Ringkloster EBK 15 ACCSIM -25.5 -25.3 0.2 Craig and Heron 
Ringkloster EBK 15 ADSYIM -21.4 -29.5 -8.1 Craig and Heron 
Stenø  EBK ST_X087_007i -28.3 -28.5 -0.2 Craig and Heron 
Stenø  EBK ST_X095_039i -26.6 -31.3 -4.7 Craig and Heron 
Stenø  EBK/TRB ST_X122_105i -26.4 -28.5 -2.1 Craig and Heron 
Stenø  EBK/TRB ST_X177_091i -27.7 -30.4 -2.7 Craig and Heron 
Tybrind Vig EBK 2033 AAXM -25.0 -28.6 -3.6 Craig and Heron 
Ulkestrup Lyng TRB m39111a -32.8 -33.7 -0.9 Craig and Heron 
Single-compound stable isotope data obtained on extracted lipids (C16:0 and C18:0 fatty acids) from Danish 
EBK and TRB vessels. Key: (i) powdered ceramic sample: (s) exterior surface deposit: (f) interior surface 
deposit. 
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Appendix 5: Additional data pertaining to Chapter 6 
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Common English name, Latin name, Danish name 
Marine 
Shortfin mako, Isurus oxyrinchus, Mako-haj 
Porbeagle, Lamna nasus, Sildehaj 
Smoothhound, Mustelus sp., Glathaj 
Topeshark, Galeorhinus galeus, Gråhaj 
Spurdog, Squalus acanthias, Pighaj 
Thornback ray, Raja clavata, Sømrokke 
Common stingray, Dasyatis pastinaca, Pilrokke 
European anchovy, Engraulis encrasicolus, Ansjos 
Atlantic herring, Clupea harengus, Sild 
Garfish, Belone belone, Hornfisk 
Atlantic saury, Scomberesox saurus, Makrelgedde 
Pipefish, Syngathidae sp., Nålefisk 
Atlantic cod, Gadus morhua, Torsk 
Haddock, Melanogrammus aeglefinus, Kuller 
Whiting, Merlangius merlangus, Hvilling 
Pollack, Pollachius pollachius, Lubbe 
Saithe, Pollachius virens, Sej 
Ling, Molva molva, Lange 
European sea bass, Dicentrarchus labrax, Bars 
Atlantic horse-mackerel, Trachurus trachurus, Hestemakrel 
Black sea bream, Spondyliosoma cantharus, Havrude 
Cuckoo wrasse, Labrus bimaculatus, Blåstak (male)/rødnæb (female) 
Goldsinny wrasse, Ctenolabrus rupestris, Havkarusse 
Sand-eel, Hyperoplus/Ammodytes sp., Tobis 
Greater weever, Trachinus draco, Almindelig fjæsing 
Dragonet, Callionymus lyra, Stribet fløjfisk 
Grey mullet, Chelon/Liza sp. 
Atlantic mackerel, Scomber scombrus, Almindelig makrel 
Atlantic bluefin tuna, Thunnus thynnus, Atlantisk tun 
Swordfish, Xiphias gladius, Sværdfisk 
Eelpout, Zoarces viviparous, Ålekvabbe 
Black goby, Gobius niger, Sort kutling 
Tub gurnard, Trigla lucerna, Rød knurhane 
Grey gurnard, Eutrigla gurnardus, Grå knurhane 
Bull-rout, Myoxocephalus scorpius, Almindelig ulk 
Bullhead, Cottus gobio/Butterfish, Pholis gunnellus, Alm, ulk/tangspral 
Three-spined stickleback, Gasterostus aculeatus, Trepigget hundestejle 
Fifteen-spined stickleback, Spinachia spinachia, Tangsnarre 
Turbot, Psetta maxima, Pighvarre 
Brill, Schophthalmus rhombus, Slethvarre 
Plaice, Pleuronectes platessa, Rødspætte 
Flounder, Platichthys flesus, Skrubbe 
Dab, Limanda limanda, Ising 
Diadromous 
Sturgeon, Acipenser sturio, Stør 
Shad, Alosa sp., Stamsild 
Sea trout, Salmo trutta, Ørred 
Atlantic salmon, Salmo salar, Laks 
Whitefish, Coregonus sp., Helt 
Eel, Anguilla anguilla, Ål 
Freshwater 
Pike, Esox lucius, Gedde 
Pikeperch, Sander lucioperca, Sandart 
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Common English name, Latin name, Danish name 
Common carp, Cyprinus carpio, Karpe 
Crucian carp, Carassius carassius, Karusse 
Tench, Tinca tinca, Suder 
Roach, Rutilus rutilus, Skalle 
Rudd, Scardinius erythrophthalmus, Rudskalle 
White bream, Abramis bjoerkna, Flire  
Common bream, Abramis brama, Brasen 
Wels catfish, Silurus glanis, Malle 
Perch, Perca fluviatilis, Aborre 
Ruffe, Gymnocephalus cernuus, Hork 
Table to show the list of species previously identified in Danish assemblages dating to the Atlantic 
chronozone (Enghoff 1994, 1995, 2011; Enghoff et al. 2007; Ritchie 2010). 
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Havnø                   Column ACAA 
Column ACAA was located in the southeast quadrant of grid square 101/95 (Figure 1). 
It was excavated from a stratified deposit in the central part of the site in the adjacent 
grid square to column YAA (101/94 NW) (Robson et al. 2013). During the excavation 
the column was divided into 11 stratigraphical layers (that are also referred to as levels, 
samples, or spits), as far as possible following the archaeological layers in the section. 
Otherwise the layers were excavated in arbitrary 10 cm intervals. Of the 11 layers, ten 
possessed fish remains (Table 1).  
 
 
Figure 1: Column ACAA during excavation. 
 
Havnø                   Column ACDD 
Column ACDD was situated in the northwest quadrant of grid square 91/99. It is the 
most southerly located column and was likewise excavated through a stratified deposit. 
Of the seven stratigraphical layers that were excavated, six possessed fish remains 
(Table 2). 
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Layer (LAG) Cultural epoch Presence/absence of fish remains 
I Early Neolithic Present 
II Late Mesolithic/Early Neolithic Present 
III Late Mesolithic Present 
IV Late Mesolithic Present 
V Late Mesolithic Present 
VI Late Mesolithic Present 
VII Late Mesolithic Present 
VIII Late Mesolithic Present 
IX Late Mesolithic Present 
X Late Mesolithic Present 
XI Late Mesolithic Absent 
Table 1: Overview of column AFAA. 
 
Layer (LAG) Cultural epoch Presence/absence of fish remains 
I Unknown Absent 
II Unknown Present 
III Unknown Present 
IV Unknown Present 
V Unknown Present 
VI Unknown Present 
VII Unknown Present 
Table 2: Overview of column ACDD. 
 
Havnø                    Column AFAA 
Column AFAA was located in the southeast quadrant of grid square 101/106. In total 
six layers were excavated and corresponded to either changes in the shell matrix or 
arbitrary 10 cm intervals (Figure 2). Of the six layers, five possessed fish remains 
(Table 3). 
 
Layer I was identified as the lower portion of the top soil/plough zone and was mixed 
with the underlying TRB layer. The remnants of a hearth and/or pit were identified. 
Since the topsoil had been previously removed approximately the top 3 cm of the 
column was excavated to remove any weathering and to determine the TRB feature. 
Consequently this interval was recorded as layer I. The matrix was very loose and the 
hearth deposits extended south. The matrix was grey/dark brown in colour and included 
sandy intrusions. The layer was predominantly comprised of crushed oysters and 
cockles.  
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Figure 2: Column AFAA prior to excavation.  
 
 
 
 
 
 
 
 
 
 
 
Layer (LAG) Cultural epoch Presence/absence of fish remains 
I Early Neolithic Present 
II Early Neolithic Present 
III Late Mesolithic/Early Neolithic Present 
IV Late Mesolithic Present 
V Late Mesolithic Present 
VI Late Mesolithic Absent 
Table 3: Overview of column AFAA. 
 
Layer II was identified as the lower part of a secondary deposit, either a hearth or pit. 
This layer either dated to the TRB or the EBK-TRB transition. After the extent of the 
hearth deposits had been determined, the hearth fill was removed which was 
subsequently dried and sorted. A small concentration of fish bones were recovered at 
the following coordinates N7/E37 at a level of 154. The matrix was loose and dark 
brown/black in colour. It included crushed oysters and cockles as well as occasional 
charcoal flecks.  
 
Layer III was excavated as a 10 cm interval. Visually the oysters and cockles in this 
layer were larger than I and II. Two large stones were present in this layer. This layer 
has been identified as the top of the EBK deposits. Several fish scales were identified 
forming a small concentration at the following coordinates N22/W42 (Figure 3). The 
shell matrix in layer III was very loose and included large oysters and cockles. 
Occasional charcoal flecks were also encountered.  
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Figure 3: Fish scales in situ.  
 
 
 
 
 
 
 
Layer IV was likewise excavated as a 10 cm interval. Numerous fish remains and some 
occasional charcoal flecks were encountered. In general the oysters were intact, often 
forming bands although numerous cockles were present. Some crushed shell was also 
present in parts of this layer. The layer has been dated to the EBK. The matrix was dark 
sandy brown in colour.  
 
In layer V the fish remains were confined to a 10 cm interval (177/187). At a depth of 
181 there was a small concentration of fish bones, including three Pleuronectidae 
vertebrae, situated N4/W22. Two spurdog vertebrae were recovered in the sieve. The 
matrix in this layer was loose and dark sandy brown in colour. Occasional fish remains 
were encountered as well as infrequent charcoal pieces. The layer was compacted in 
parts whilst loose in others. The matrix was predominantly composed of large oysters 
with a distinctive lack of other shellfish species. This layer has been dated to the EBK. 
 
Layer VI represented the base of the kitchen midden deposits. In this layer only thick 
and large oysters were excavated. There were no other species of shellfish. There was a 
distinctive absence of fish remains in the layer which maybe due to taphonomic 
processes including the percolation of rainwater. Occasional charcoal concentrations 
were present, three of which were removed for analysis and/or direct AMS radiocarbon 
dating. A gradual southerly incline was identified towards the palaeoshoreline. The 
matrices were a dark to light sandy brown loam that was reminiscent of clay in parts.  
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Havnø                    Column AFBE 
Column AFBE was situated in the southwest quadrant of grid square 101/105. In total 
six layers were excavated and corresponded to either changes in the shell matrix or 
arbitrary 10 cm intervals (Figure 4). All six layers possessed fish remains (Table 4).  
 
Figure 4: Column AFBE prior to excavation.   
 
 
 
 
 
 
 
 
 
 
 
 
Layer (LAG) Cultural epoch Presence/absence of fish remains 
I Early Neolithic Present 
II Early Neolithic Present 
III Late Mesolithic/Early Neolithic Present 
IV Late Mesolithic Present 
V Late Mesolithic Present 
VI Late Mesolithic Present 
Table 4: Overview of column AFBE. 
 
Layer I represented an arbitrary layer. Approximately 2 cm were removed to determine 
the extent of the TRB hearth deposits/pit that was identified in the adjacent grid square 
(column AFAA). Although the sediment was not sieved, a vertebra and a spine were 
recovered. The matrices were compacted, probably a reflection of modern tramping 
after the initial removal of the plough zone by machine. The layer was dark brown 
almost grey in colour. It has been identified as the top of the TRB deposits although it is 
probably disturbed as a result of recent agricultural ploughing techniques. 
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Layer II was identified as the fill from a possible TRB hearth or pit and was excavated 
and planned. During excavation there was a concentration of lithics and some faunal 
remains. Despite the nature of the deposit, only one piece of flint showed evidence of 
having been burnt. Four potboilers were recovered as well as some fish remains. The 
matrices were loose and dark brown, almost black, in colour. The deposits comprised of 
crushed and incomplete shells with a dominance of oysters. The fill was very shallow, 
approximately 6 cm deep.  
 
In layer III a small concentration of fish remains were recovered higher up in the 
midden sequence (at a level of 159). Upon excavation of the surrounding deposits 
additional material was recovered. They appeared to form a discrete spread (N39/W6-
N39/W2) and have been individually assigned (AFBO). The concentration consisted of 
two adjoining discrete areas with a maximum spread of approximately 4 cm (Figure 5). 
The context comprised of a loose shell matrix that was compacted in parts. The deposits 
were dark sandy brown in colour and contained the occasional charcoal flecks as well as 
numerous fish remains. A continuation of the heart fill/pit from the preceding layer was 
evident. Two additional pot boilers/fire cracked stones were recovered although the 
dark brown almost black matrix that was observed in layer II was absent. The higher 
portion of the interval presumably dated to the TRB. The presence of an EBK transverse 
arrowhead lower down in midden sequence confirmed that a portion of this layer is 
earlier. Thus the layer has been assigned as transitional. The concentration of fish 
remains at a level of 159 is probably TRB whereas the majority of the material is likely 
to date to the EBK. 
 
Layer IV was chiefly composed of oysters forming horizontal bands. Throughout the 
interval occasional charcoal pieces and faunal remains were encountered. The matrices 
were loose and there were numerous voids throughout. The deposits were dark sandy 
brown in colour.   
 
Layer V represented an arbitrary 10 cm interval that was only excavated by brush. The 
matrices consisted of loose shell. Occasionally, concentrations of fish remains and 
infrequent charcoal flecks were encountered. A small concentration of six 
Pleuronectidae vertebrae and spines as well as a cleithrum were recovered (at a level of 
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179/182). The layer has been dated to the EBK. The matrices were dark to light sandy 
brown in colour. Despite sieving, only one lithic was recovered.  
 
Figure 5: Pleuronectidae caudal vertebrae in situ.  
 
 
 
 
 
 
 
 
 
 
 
Layer VI has been dated to the EBK and was excavated by trowel. A diagnostic blade 
characteristic of the EBK was found below the lowest shell deposits. These shells are 
some of the earliest at the kitchen midden, consequently they formed a compacted and 
robust layer that has been identified across the site and termed ‘oyster concrete’. Fish 
remains were recovered higher up in the sequence (at a level of 183/190) although they 
were absent in the ‘oyster concrete’ and the subsequent glacial moraine till that is 
located directly below the kitchen midden. As has been identified in other areas of the 
site, charcoal has been recovered below the kitchen midden. This area was no exception 
and frequent flecks of charcoal varying in size were recovered. In general the context 
was primarily sandy brown in colour and comprised of compacted oysters that were 
loose in parts. 
 
Havnø                    Column AFCF 
Column AFCF was located in the southwest quadrant of grid square 93/99. In total 
seven layers were excavated and corresponded to either changes in the shell matrix or 
arbitrary 10 cm intervals (Figure 6). Of the seven layers, five possessed fish remains 
(Table 5).  
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Figure 6: Column AFCF prior to excavation.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Layer (LAG) Cultural epoch Presence/absence of fish remains 
I Modern Absent 
II Early Neolithic Absent 
III Early Neolithic Present 
IV Early Neolithic Present 
V Late Mesolithic Present 
VI Late Mesolithic Present 
VII Late Mesolithic Present 
Table 5: Overview of column AFCF. 
 
Layer I was excavated by trowel and comprised of the plough zone/top soil. In general 
the deposits were compacted and it was evident that they had been disturbed post 
depositionally. They were not sieved. Numerous roots were present, while some lithics 
and faunal remains were recovered, the latter probably a later intrusion. Only a few 
shells were present in this layer, some of which were upturned and probably represented 
a later intrusion or plough activity. The context was dark brown and earthy in colour.  
 
Layer II corresponded to the top of the kitchen midden and is probably dated to the 
TRB. It was excavated by trowel. The matrices were very loose and comprised of 
crushed and fragmented shells. The predominant mollusc species was cockle. The 
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deposits were light grey in colour. Only two burnt lithics, one piece of animal bone and 
one discrete charcoal spread were identified.  
 
Layer III was excavated by brush and dry sieved on site. The deposits were loose 
comprising of crushed and fragmented shells with a fill that was grey in colour. The 
predominant species of shellfish was cockle.  
 
Layer IV was dated to the TRB given the shell matrix. In general it comprised of 
numerous fragmentary cockles and small oysters. The deposits were light grey in colour 
and included numerous charcoal flecks.  
 
Layer V was excavated by brush and trowel. One piece of animal bone was recovered. 
It was found alongside ceramics and fire-cracked stones. In addition, numerous fish 
remains were found during sieving. The predominant species of shell was oyster. The 
deposits were loose and comprised of crushed shell. It was very light grey in colour 
although charcoal concentrations were apparent near to the bone and burnt ceramics. It 
has been dated to the EBK.  
 
Layer VI was excavated by brush and trowel. There was a small concentration of 
cockleshells evident of a single collection episode. Some burnt ceramics and lithics 
were recovered alongside numerous fish remains and some charcoal flecks. The 
deposits were dark brown in colour that was, in general, loose and compact in places. It 
was dated to the EBK.   
 
Layer VII was the lowest in the midden sequence and was excavated using a number of 
different tools. Approximately 20 cm of the layer was excavated by trowel and less so 
by brush. Numerous flakes and some fish remains were recovered. At least four 
potboilers or burnt stones were recovered indicative of the remnants of a hearth. A 
possible flake axe preform was also recovered. The upper portion of the layer was quite 
humic and dark brown in colour, whereas the lower portion was compacted and 
consisted of the so-called ‘oyster concrete’. It was light to dark sandy brown in colour. 
At least two flakes were recovered. The midden deposits were excavated to the glacial 
moraine underneath. 
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Havnø                    Column AFDC 
Column AFDC was situated in the southeast quadrant of grid square 93/99. In total 
seven layers were excavated and corresponded to either changes in the shell matrix or 
arbitrary 10 cm intervals (Figure 7). In general the material recovered from this column 
has been considered unreliable since the area had been heavily disturbed (Andersen 
personal communication 2012). Of the seven layers, six possessed fish remains (Table 
6).  
 
Figure 7: Column AFDC prior to excavation.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Layer I was excavated by spade and trowel. The matrices were not sieved although the 
material was hand collected. The layer included the plough zone to the top of the 
midden. Some faunal remains and lithics were recovered. The deposits were very loose 
and dark brown to earthy in colour until the top of the midden. Crushed shells were 
present.  
 
Layer II has been dated to the TRB. In general the matrices comprised of loose and 
fragmented shells. A shallow dark deposit with a fill of approximately 3 cm was 
identified in the southwest portion of the quadrant. In this area numerous upturned 
oysters and faunal remains alongside lithics and stones, some of which were burnt, were 
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recovered. The deposits were light to dark grey in colour and were dominated by small 
oysters and cockles.  
 
Layer (LAG) Cultural epoch Presence/absence of fish remains 
I Modern Absent 
II Early Neolithic Present 
III Early Neolithic Present 
IV Early Neolithic Present 
V Late Mesolithic/Early Neolithic Present 
VI Late Mesolithic Present 
VII Late Mesolithic Present 
Table 6: Overview of column AFDC. 
 
Layer III has been dated to the TRB. Despite the numerous fish remains, there was little 
anthropogenic material, for instance only one piece of charcoal. The deposits were 
loose, and dark to light grey in colour. Numerous cockles were found throughout 
although both crushed and intact oysters were the predominant species of mollusc. 
 
Layer IV has likewise been dated to the TRB. The deposits were both compacted and 
loose in places and were comprised of crushed shell. The matrices were dark to light 
grey in colour that was very similar to layer III. Few anthropogenic materials were 
recovered.  
 
Layer V has been dated to the EBK-TRB transition. From a depth of 175/182 the 
matrices were very loose and consisted of crushed shell. The deposit was light grey to 
sandy brown in colour. Below a depth of 182, a horizontally aligned and compacted 
layer of oysters was identified that is probably the top of the EBK deposits. 
Consequently the layer has been assigned transitional. EBK ceramics were present 
throughout the compacted layer of horizontal oysters.  
 
Layer VI has likewise been dated to the EBK. The matrices were loose and they were 
very earthy dark brown in colour. Numerous cockles were present perhaps reflecting a 
single collection episode. Some EBK ceramics were recovered. In general the oysters 
were largely intact although some were crushed.  
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Layer VII was dated to the EBK. The deposits were earthy and humic (i.e. dark brown) 
in colour. Oysters dominated the layer although some cockles were present. In general 
the deposits were hard and were thus excavated by trowel. This layer was excavated to 
the top of the oyster concrete. 
 
Krabbesholm II                      Column 7737 
The material from the Krabbesholm II kitchen midden derived from one column sample 
(7737) that was excavated by Nicky Milner in 2004. The column had been sampled 
previously for cockle (Laurie 2007, 2008) and oyster shell seasonality analyses (Milner 
2013; Milner and Laurie 2006). In total 16 layers were excavated stratigraphically. The 
majority of these layers (I to XIV) have been dated to the TRB, whereas there is only 
one thin EBK layer (XVI). Layer XV has been deemed as transitional. Only materials 
from three of the layers (XIII, XIV and XVI) were analysed. 
 
Norsminde                        Column N77 
The material from the kitchen midden at Norsminde derived from one column sample 
(N77) that was excavated in 1977. The column had been sampled previously for cockle 
(Laurie 2007, 2008) and oyster shell seasonality analyses (Milner 2002a, 2013; Milner 
and Laurie 2009). In total ten layers were excavated. The majority of these (I to VI) 
have been dated to the TRB, whereas the remainder (VII to X) to the EBK. Only 
material from one of the layers (X) was analysed. 
 
Thygeslund 
To date only 4 m2 have been investigated at the Thygeslund kitchen midden. The 
excavations took place in 2013 and 2014 under the direction of S. H. Andersen. During 
the 2013 excavation campaign the matrices were not dry-screened but carefully 
excavated. However in the subsequent season on-site sieving using a 4.0 mm sized 
mesh was routinely undertaken. When concentrations of fish remains were identified, 
the matrices were sieved through finer sieves (2.0 and 1.0 mm). Consequently the fish 
remains derived from both hand collection and the post excavation processing of bulk 
samples (Andersen personal communication 2013, 2014, 2015). The material has been 
dated to the EBK and TRB cultures based on three AMS radiocarbon dates, from 4460-
3370 cal BC (Gron personal communication 2014). 
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Fishing and collection practices 
Fishing related implements and inferences regarding fishing practices and strategies 
during the Mesolithic and Neolithic of North Western Europe and the circum-Baltic 
region are diverse and well documented. In the following only the Danish EBK, TRB 
and adjoining cultures will be examined.  
 
Throughout the course of the Mesolithic the quantity and variability of fishing 
technologies increased (Table 7). In general four main technologies were utilised: 
hooks, nets, spears and traps/weirs. Since all were recovered from the submerged 
settlement at Tybrind Vig, the site will be used as a proxy for fishing during the Danish 
EBK. The majority of fishing gear was chiefly constructed from organic raw materials, 
including antler, bark, bone, fibrous materials and wood (Andersen personal 
communication 2009). Consequently differential preservation and recovery has affected 
their representation.  
 
Cultural epoch/fishing technology Early K Late K Early EBK Middle EBK Late EBK 
Canoe           
Harpoon           
Hook           
Leister           
Net           
Paddle           
Spear           
Trap           
Table 7: Occurrences of fishing related implements by cultural epoch during the Atlantic chronozone 
(after Andresen 1995; Pedersen 1997). 
 
Floats, nets and sinkers 
Despite the often-excellent conditions for preservation there is a general paucity of 
floats, nets and sinkers dating to the EBK of Denmark (Figure 8 and Table 8). Only four 
wooden floats are known. The earliest specimen derived from Holmegård IV that is 
situated in the Åmose and dated to the Maglemose culture (Troels-Smith 1960). Only 
two examples have been recovered from coastal EBK sites, Møllegabet I and Tybrind 
Vig (Andersen 2013b; Skaarup 1983), and only one from the hinterland, Maglelyng 
located in the Åmose (Troels-Smith 1960). The specimen from Møllegabet I had a 
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central perforation and included the remnants of plant fibres that may have belonged to 
a fishing line or net (Andersen 1995; Skaarup 1983). It is perhaps more convincing 
compared with the two artefacts from Tybrind Vig. The first likewise possessed a 
central hole that had been drilled, whereas the second was identified as a wooden disc 
with an oval outline (Andersen 2013b). It is assumed that they were used in either net or 
line fishing (Pickard and Bonsall 2007).      
 
 
Figure 8: Distribution map of known Danish EBK sites with floats, nets and sinkers. 
 
In Denmark fishnets made of plant fibres are only known from Tybrind Vig (Andersen 
2013b). They are extremely fragmentary, rare and usually not well preserved throughout 
North Western Europe and the circum-Baltic region. The example from Tybrind Vig 
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had been woven by the needle netting technique (Andersen 2013b; Pickard and Bonsall 
2007). They were probably actively employed in shallow water or from the side of a 
dugout canoe as seine or dip nets. Conceivably they could have been used passively as 
pound or gill nets.   
 
Site name Frequency Reference 
Float 
Maglelyng 1 Troels-Smith 1960 
Møllegabet I 1 Skaarup 1983 
Tybrind Vig 2 Andersen 2013b 
Net 
Tybrind Vig 1 Andersen 2013b 
Sinker 
Kolind I 1 Mathiassen 1948 
Vængesø 1 Andersen 1995 
Table 8: Known Danish EBK sites with floats, nets and sinkers.  
 
Although their precise function is unclear the remains of numerous oblong stones that 
have been recovered from some kitchen middens, including Kolind I and Vængesø 
(Andersen 1995; Mathiassen 1948) have been interpreted as net sinkers especially those 
with a single perforation (Andersen 1995).   
 
Bone points, harpoons, lancers, leisters and spears  
Bone points are frequently recovered from coastal and inland locations throughout 
Denmark and have a long chronological typology. Some have been discovered in situ, 
often embedded in gyttia (Andersen 1983; Bergstrand 2005; Broholm 1924; Johansson 
2006). The first detailed observations were undertaken during the excavations at 
Mullerup (Sarauw 1903). Some specimens possessed a corroded band that was 
identified as fish residue left during decomposition. In these instances it is thought that 
the point had broken off during use, which was left embedded in the fish (Sarauw 
1903). It was suggested that the size of the band correlated with the size of the fish 
(Andersen 1983; Mathiassen et al. 1943). This type of fishing was probably undertaken 
from the lakeshore during the summer and may have been directed towards the pike, as 
they are known to come to the littoral zone of a lake during spawning (Noe-Nygaard 
1995; Ritchie 2010). Conceivably a stone pavement could have provided a platform 
from which to fish. Several constructions are known throughout southern Scandinavia 
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including Denmark: Øgårde situated in the Åmose (Mathiassen et al. 1943) and on the 
island of Falster at Vaalse Vig (Bahnson 1892), the latter produced some pointed poles 
within the stones. Recent analyses has demonstrated that auroch ribs were the 
preferential species for the manufacture of type A bone points, whereas cervid 
metapodials and long bones were utilised for the production of type B to F points. 
Brown bear and grey whale were also used (Trolle Jensen 2013). Those from the EBK 
are thought to have been produced from cervid and waterfowl elements (Andersen 
personal communication 2009).  
 
Likewise harpoons made from the modification of red and roe deer antlers (Figure 9) as 
well as whalebone are thought to have been utilised in a similar manner to the bone 
points for the exploitation of larger taxa, including pike. In general there are four main 
types, a clear reflection of differential use (Andersen 1995). They are usually found in 
the hinterland or offshore as stray finds (Figure 10) and rarely are they recovered from 
the settlement sites themselves (Andersen 1972, 1976, 1982).  
 
 
Figure 9: Biserial EBK harpoon made from red deer antler (type D) from Føns Vig. 
 
In addition, the large pointed antler or bone implements that are sometimes recovered 
have often been interpreted as lancers. They are typologically similar to the harpoons 
although not identical, often possessing a round or oval cross-section. They have been 
recovered from a number of EBK sites including Bloksbjerg, Langø, Vejlebro and 
Kolding Fjord (Andersen 1972, 2009; Malmros 1976; Westerby 1927) or as isolated 
finds. 
 
Furthermore, at least three stingray spines have been recovered from Danish sites dating 
to the Atlantic chronozone (Rosenlund 1986). All three specimens had been broken 
during use since this element hardens when dry (Figure 11). It has been assumed that 
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they could have been mounted on a shaft without additional modification and would 
have been as dangerous as a lance or spear (Rosenlund 1986). In support of the above 
ethnographic accounts from Indo-Pacific localities and the Samoa purportedly used 
stingray tail spines as weapons: the smaller specimens being used as arrow or spear 
points, whereas the larger as daggers (Rosenlund 1986). 
 
 
Figure 10: Distribution map of known Danish EBK sites with type C and D harpoons as well as worked 
tines with perforations that could be related to harpoons. The latter were recovered from Agernæs, 
Flynderhage and Gudsø Vig. The three sites (Bjørnsholm, Svinninge Vejle and Tastum Sø) yielding 
stingray spines are also shown (after Andersen 2009; Rosenlund 1986). 
 
When conditions conducive to organic preservation exist, wooded composite leister 
prongs for fishing are often recovered (Figure 12), and will not all be listed here (Figure 
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13). The Danish EBK specimens are solely made from wood (Figure 14), however 
composite implements from preceding cultures are known. A least three caches of bone 
points have been recovered from the Åmose that have been interpreted as leister sets. 
They have been typologically dated to the Maglemose culture (Andersen 1983). A near 
complete specimen attached to hazel was recovered from Ulkestrup Lyng (Andersen et 
al. 1982). The bone point had been fashioned out of an ungulate long bone that had 
been bound 33 times around the hazel stick. The thread is probably lime bast. It was 
vertically driven down into the waste layers in front of the hut (Andersen et al. 1982).  
 
Figure 11: The three Danish stingray spines: (1) Svinninge 
Vejle, (2) Tastum Sø and (3) Bjørnsholm. The estimated 
total length of the specimens for spines (1) and (2) is 
thought to have been around 2 m, whereas specimen (3) 
would have been slightly smaller (after Rosenlund 1986).   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The EBK specimens vary considerably in form and species of wood, but in general two 
distinctive types have been identified: (1) a long an slender type and (2) a short a stubby 
form, although other typological variants exist. The degree of variability is probably a 
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reflection of the local conditions where they were manufactured and utilised (Andersen 
1995).  
 
Figure 12: Wooden leister 
prong found during the 
excavations at Lolland-Falster 
(photograph courtesy of Theis 
Zetner Trolle Jensen). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
It had often been assumed that they were exclusively used for eel fishing, as supported 
by the fact that the prongs (or wings) have not significantly altered over several 
millennia – only the materials utilised. In addition, they are routinely referred to as eel 
catches, leisters, prongs, spears and tridents. However, recent analysis of the specimens 
recovered from the submerged settlement at Ronæs Skov has demonstrated that they 
would have been suitably used for catching flatfish.  
 
At this site 42 types were identified (Andersen 2009). At some localities they have often 
been recovered standing vertically or at an angle, for instance Møllegabet, Ronæs Skov 
and Tybrind Vig (Andersen 2009, 2013b; Skaarup 1983), and were probably lost during 
fishing in the open water outside of the reed area in front of the settlement. Furthermore, 
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numerous bone points made from red deer and waterfowl probably served as the central 
point of leister prongs. This presumption had been debated for more than 30 years and 
has only been recently quelled by the ongoing excavations at Lolland-Falster where a 
bone point was recovered standing between two leister prongs (Figure 15). Equally they 
could have been used as awls, clothes fasteners or to process fish (Andersen 1995; 
personal communication 2009). They are likely to have broken off during use.  
 
 
Figure 13: Distribution map of known Danish EBK sites with leisters (after Andersen 2009, 2013). Note 
that the on-going excavations at Lolland-Falster have yielded additional specimens. Since they are 
awaiting analyses they are excluded. 
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Figure 14: A rare example of a hafted composite fishing spear that was found at a submerged site near 
Skjoldnæs off the island of Ærø, Denmark. The find reveals the technique used to lash together the 
hawthorn prongs to a hazel spear shaft with vegetable fibres (after Skaarup 1995). 
 
Hooks 
Fishhooks were once considered rare at Danish EBK sites (Andersen 1995), but they 
have now been recovered from at least 17 sites (Figure 16). However, they have not 
been recovered in same quantities when compared with other fishing technologies. 
Absence of evidence is not always a reflection of evidence of absence, and differential 
preservation and recovery should be considered. For instance a 1 x 15 m long trench 
was excavated through the Krabbesholm II kitchen midden and there was a complete 
absence of fishhooks. For comparison, at Havnø four fishhooks have been recovered 
(Andersen personal communication 2011). 
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Figure 15: Leister prongs and central bone point found during the excavations at Lolland-Falster 
(http://www.aabne-samlinger.dk/femernforbindelsen/femernforbindelsen/nyheder/2015/150423_lyster/-
accesssed 12/05/2015). 
 
The Danish EBK fishhooks or preforms are listed in Table 9 (Ritchie 2010). In general 
the specimens are small, often two to three centimeters in length although a larger 
specimen was recovered from the Aggersund site (Andersen 1995). Whilst the majority 
possessed a small protrusion at the end for attachment of the line, they are largely 
absent of a barb. Debris and preforms (Figure 17) are known from a number of 
localities and demonstrate their manufacture (Andersen 1995; Ritchie 2010). In 
addition, a rare specimen was recovered from Tybrind Vig. The fishhook was recovered 
with a small (ca. 5 mm) short section of the plant fibrous line still attached. The twine 
had been bound by a clove hitch (Andersen 2013b). 
 
In western Denmark they are usually constructed of bone, while to the east wooden 
examples have been recovered. Although their precise target is unknown their form is 
suggestive of a long line fishery (Ritchie 2010), and they were probably used to catch 
Gadidae, eelpout and bullhead (Andersen 1995). It is assumed that they were an adjunct 
to the traps and weirs at the eel fisheries during the summer (Andersen 1995). 
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Figure 16: Distribution map of known Danish EBK sites with fishhooks or preforms. Refer to Table 9 for 
site locations. 
 
Figure 17: Fishhooks and preforms 
made of bone from the Nederst I 
kitchen midden (after Ritchie 2010).  
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Map 
number Site name Frequency Reference 
1 Aggersund 1 Andersen 1995 
2 Asnæs Havnemark 31 Ritchie 2010 
3 Bjørnsholm 7 Andersen 1991 
4 Bloksbjerg  1 Westerby 1927 
5 Dragsholm 7 Ritchie 2010 
6 Dyrholmen 1 Mathiassen et al. 1942 
7 Ertebølle 5 Andersen and Johansen 1986; Madsen et al. 1900  
8 Havnø 4 Andersen personal communication 2011 
9 Ingvorstrup 1 Ritchie 2010 
10 Kolind 2 Mathiassen et al. 1942 
11 Mejlgård 1 Madsen et al. 1900 
12 Møllegabet II  2 Skaarup and Grøn 2004 
13 Nederst 10 Enghoff 1994 
14 Smakkerup Huse 6 Price and Gebauer 2005 
15 Sølager 1 Skaarup 1973 
16 Sønderholm 1 Jønsson and Pedersen 1983 
17 Tybrind Vig 16 Andersen 2013b 
Table 9: Known Danish EBK sites with fishhooks or preforms (after Ritchie 2010).  
 
Traps 
It has been suggested that the peoples of the Danish EBK favoured small, portable self-
fishing traps (Enghoff 1994; Pickard and Bonsall 2007). They were probably deployed 
during the warmer seasons of the year (Enghoff 1986) in the shallow waters along the 
coast (Andersen 1995). The remains of transportable traps (Figure 18) have frequently 
been recovered from both Kongemose and EBK contexts throughout Denmark 
(Andersen 1995). The known basket traps dating from the Mesolithic to the Neolithic 
are shown in Figure 19. It can be seen that they have been recovered from both coastal 
and inland locations.  
 
Two types have been identified: (1) traps with a round mouth and (2) traps with a 
conical or rectangular mouth (Andersen 1995). In general they were made of willow or 
birch wands bound together by willow withies, lime or pine bast (Pedersen 1995). They 
were probably reused (Smart 2003), and the occasional stones that have been recovered 
from within them were conceivably used to keep them submerged. Presumably this 
would reduce drying out and warping of the wood, prolonging the period of use. They 
are assumed to have been used to target small, coastal and migratory taxa as well as 
smaller specimens of species that can grow larger, for instance cod (Enghoff et al. 
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2007). The stationary trap would have been a relatively unselective tool for catching 
fish (Enghoff et al. 2007). 
 
Figure 18: EBK fish trap from 
Lille Knabstrup (after Andersen 
1995).  
 
 
 
 
 
 
 
 
Weirs 
Coastal fisheries were more technologically advanced during the EBK and the Neolithic 
compared with the preceding middle Mesolithic Kongemose culture. During these 
periods catadromous and marine taxa were extensively exploited by the utilisation of 
extensive fishing structures (Figure 20). In support of the above the remains of weirs 
have been recovered from numerous locations throughout Denmark (Figure 19). 
 
In Denmark the fishing structures were constructed of screens that were woven around 
vertical stakes (Christensen 1997; Pedersen 1997). The earliest specimens have been 
dated to the EBK (ca. 5400 cal BC and ca. 4800 cal BC) and were recovered from 
Halsskov (Pedersen 2013). The EBK examples were chiefly constructed from aspen and 
hazel that were between three and 21 years of growth (Pedersen 2013). The 
considerable age distribution has indicated that the wood was felled in hazel coppices 
that were allowed to rejuvenate. This implies a degree of forest management during the 
EBK in order to produce long and straight hazel rods in sufficient numbers (Christensen 
1997; Pedersen 2013). The posts measured between three and five centimetres in 
diameter (Price 2009).    
 
  
186 
 
Figure 19: Distribution map of known Danish Mesolithic and Neolithic sites with stakes, traps and weirs 
(after Pedersen 2013; Smart 2003). Note that the on-going excavations at Lolland-Falster have yielded 
additional specimens. Since they are awaiting analyses they are excluded. 
 
Likewise the Neolithic specimens have a considerable chronology and younger 
examples are known. The earliest and perhaps one of the most intact specimens derived 
from Oleslyst that has been dated to the TRB (ca. 3500-3100 cal BC and ca. 2920-2600 
cal BC). Another well-preserved example was recovered from Ølby Lyng that has been 
dated to ca. 2900-2350 cal BC (Fischer 2007; Nielsen 1993; Pedersen 2013; 
Prangsgaard 2008; Price and Gebauer 2005; Rasmussen 1993). During the Neolithic a 
number of different species of wood were used, including ash, aspen, elm, guilder rose, 
hazel, lime, common maple and oak. It has been suggested that the Neolithic specimens 
had been felled during the winter and were 13 years old (Christensen 1997). They were 
probably not constructed during the cooler seasons of the year due to the weather (i.e. 
frozen ice and storms). In comparison the Neolithic stakes were considerably thicker, 
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between nine and 12 centimetres in diameter. This is likely a reflection of increased 
specialisation in woodworking during this period (Price 2009). 
 
 
Figure 20: Weir found during the ongoing excavations at Lolland-Falster (http://www.aabne-
samlinger.dk/femernforbindelsen/femernforbindelsen(en)/archaeology/excavation-finds/wood-in-vast-
amounts/5,000-year-old-fish-fence/ - accessed 23/01/2015). 
 
It is likely that the structures would not have been constructed in the open sea, as this 
would have resulted in damage, for instance frozen ice or storms. They appear to have 
been positioned perpendicular to the coast, often with the addition of a trap at the end 
(Fischer 2007), at strategic locations between the Baltic and the North Sea (Fischer 
2007; Pedersen 1995, 1997, 2013; Rowley-Conwy 1984). Conceivably they may have 
been constructed at the mouths or fjords or riverine systems. Historical evidence 
suggests that the principal target was migrating silver eel. During the autumn this 
species is known to congregate en masse before migration from the coastal waters of 
northern Europe to the Sargasso Sea. The kitchen middens at Bjørnsholm, Ertebølle and 
Krabbesholm II in the Limfjord have been interpreted as eel fishing localities and this 
style of fishing would facilitate capture (Enghoff 1986, 1991, 1994, 1995, 2011). 
 
Dugout canoes and paddles 
Wooden dugout canoes and paddles must have been essential items for aquatic resource 
exploitation during the Danish Mesolithic and Neolithic. They need not to have been 
directly associated with fishing and were probably used for marine mammal hunting as 
well as a mode of transport (Andersen 1986, 2011b, 2013b). Recently the fragmentary 
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remains of dugout canoes have been recovered in outstanding conditions of preservation 
from numerous locations throughout the country (Figure 21). The known Danish EBK 
dugouts and paddles are listed in Table 10. 
 
 
Figure 21: Distribution map of known Danish EBK sites with canoes and paddles (after Andersen 2009, 
2011b, 2013b). Refer to Table 10 for site locations (after Andersen 2009, 2013b). 
 
Although dugout canoes are unknown from the Maglemose and Kongemose cultures, a 
number of paddles have been recovered, for instance from hut I at Ulkestrup Lyng 
(Figure 22) and Holmegård (Andersen 1983; Broholm 1924). The majority of dugouts 
are known from middle and late EBK coastal settlements. Only one has been recovered 
from an inland locality, at Stensore (Andersen 2009). The Mesolithic specimens are 
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only made from lime although the later examples have been manufactured using a 
number of different species of wood.  
 
Figure 22: The earliest Danish Mesolithic paddle that was recovered from Ulkestrup Lyng. 
 
On the other hand EBK paddles have been recovered from both inland and coastal sites 
(Figure 21), and were constructed from a number of different species of wood (ash, oak, 
hazel, lime and willow). At Tybrind Vig at least three different forms of paddles are 
known: (1) the Satrup form, (2) the Tybrind Vig type and (3) the Ringkloster type. They 
are either heart shaped or elliptical in form. Fourteen specimens were recovered from 
Tybrind Vig (Andersen 2011b) and some were decorated (Figure 23) with 
ornamentation and dark pigments (Andersen 2011b).  
 
Their utilization would greatly increase the accessibility to the fishing grounds and the 
stretch of coastline that could be exploited. Consequently this could increase the fish 
yield per excursion. Recent analysis have demonstrated that the larger specimens of 
Gadidae (>0.6 m) argue strongly for the utilization of dugouts to offshore fishing 
grounds (Ritchie 2010) despite considerable debate (Clark 1984; Coles 1971; Pickard 
and Bonsall 2004). Further evidence from the implements recovered from Tybrind Vig 
points to possible eel fishing at night due to the presence of hearths on the platform of 
the dugouts (Andersen 2011b, 2013b).  
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Figure 23: One of the decorated paddles from Tybrind Vig. 
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Number  Site name Site type Implement Reference 
1 Åby Coastal Canoe Andersen 2013b  
2 Agernæs Coastal Paddle/canoe Jæger 1998, 2000 
3 Flynderhage Kitchen midden Paddle/canoe Gabrielsen 1953 
4 Gamborg Fjord (nr. 4257) Submerged Paddle/canoe Andersen 2009 
5 Haldrup Strand   Paddle/canoe Andersen 2009 
6 Halsskov Submerged Canoe Pedersen 1995 
7 Helligkilde-Teglgård Submerged Paddle/canoe Andersen 2009, 2013b 
8 Hjarnø Submerged  Paddle Skriver and Borup 2012 
9 Korshavn  Canoe Rieck and Crumlin-Petersen 1988 
10 Lindholm Submerged Paddle/Canoe Fischer 1992 
11 Lystrup Enge Waterlogged, coastal  Canoe Andersen 1996 
12 Margrethes Naes  Canoe Myrhøj and Willemoes 1997 
13 Maglemosegård-Nord Coastal  Canoe Andersen 2009 
14 Maglemosegårds Vænge Coastal Paddle Andersen 2011b 
15 Møllegabet II Submerged  Canoe Skaarup and Grøn 2004 
16 Mejlø N  Canoe Skaarup and Grøn 2004 
17 Mejlø V  Canoe Dencker and Rieck 2000 
18 Øgårde III Inland Canoe Christensen 1990 
19 Ølby Lyng Coastal Paddle Andersen 2013b 
20 Ringkloster Inland lake Paddle Andersen 1994-1995 
21 Ronæs Skov Submerged Paddle/canoe Andersen 2009 
22 Smakkerup Huse Waterlogged, coastal Canoe Price and Gebauer 2005 
23 Sønderholm  Paddle Andersen 2013b 
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Number  Site name Site type Implement Reference 
24 Stensore   Canoe Andersen 2009 
25 Store Lyng Inland lake Paddle Andersen 2011b 
26 Tudse Hage Submerged Paddle Lotz 2000 
27 Tybrind Vig Submerged  Paddle/canoe Andersen 2013b 
28 Yderhede Coastal Paddle/canoe Nielsen and Christensen 1999 
Table 10: Known Danish EBK sites with dugout canoes (or fragments of) and paddles (after Andersen 
2009, 2011b, 2013b).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
193 
Site name Culture NISP Reference 
Agernæs EBK 5 Richter and Noe-Nygaard 2003 
Aggersund  EBK 2+ Enghoff 2011 
Åkonge EBK/TRB 5404 Enghoff 1994 
Argusgrunden EBK 11 Møhl 1961 
Asnæs Havnemark EBK/TRB 47760 Ritchie et al. 2013a 
Bermansdal EBK 1 Møhl unpublished cited in Enghoff 2011 
Bjørnsholm EBK/TRB 12006 Enghoff 1991; Rosenlund 1976 
Bloksbjerg EBK 91+ Enghoff 2011; Rosenlund 1976 
Bøgebjerg  EBK 2592 Ritchie 2010 
Boldbaner EBK 23 Degerbøl 1946 
Brabrand EBK 1 Thomsen and Jensen 1906 
Brovst  EBK 1 Rowley-Conwy 1980 
Dragsholm EBK 40502 Ritchie 2010 
Drøsselholm EBK 3 Degerbøl 1943 
Dyrholmen I EBK 1 Degerbøl 1942 
Egsminde EBK 51 Enghoff 2011 
Ertebølle EBK 16345 Enghoff 1986; Winge 1900 
Fannerup EBK 16 Winge 1888 
Fårevejle  EBK/TRB 2738 Ritchie 2010 
Fiskerhuset EBK 1 Johansson 1999 
Flynderhage EBK 3 Møhl unpublished cited in Enghoff 2011 
Frederiks Odde EBK 113 Enghoff 2011 
Gøngehusvej 7 K 11116 Enghoff 2011 
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Site name Culture NISP Reference 
Grisby EBK 1680 Enghoff 1994 
Hallebygård EBK 3 Degerbøl 1943 
Havelse EBK ca. 68 Forchhammer et al. 1851 
Havnø  EBK/TRB 643 Winge 1900; Ritchie 2010; Robson et al. 2013 
Henriksholm Bøgebakken EBK 10893 Enghoff 1994 
Holmegård EBK 8 Robson unpublished 
Italiensvej K 5+ <12 Enghoff 2011 
Jesholm I  EBK 38 Ritchie 2010 
Jordløse By EBK 1 Rosenlund 1976 
Kalvø TRB/SGC 157 Enghoff 2011 
Kassemose EBK ca. 205 Degerbøl 1945 
Klintesø EBK 98 Winge 1900 
Kolding Fjord EBK 1 Degerbøl 1945 
Kolind EBK 7 Degerbøl 1942 
Krabbesholm II EBK/TRB 3077 Enghoff 2011 
Langø EBK Present Degerbøl 1928 
Lollikhuse EBK 2668 Ritchie 2010 
Lystrup Enge EBK 9278 Enghoff 2011 
Magleholm EBK/TRB 670 Enghoff 1994 
Maglemosegård EBK 12784 Enghoff 1983, 1994 
Maglemosegårds Vænge K/EBK 6324 Enghoff 1994 
Mejlgård EBK 312 Rosenlund 1976 
Møllegabet II K/EBK 20431 Cardell 2004 
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Site name Culture NISP Reference 
Mosegården X EBK 1 Rosenlund 1976 
Muldbjerg I  TRB 1468 Noe-Nygaard 1995 
Nederst Skaldynge I  EBK 13779 Ritchie 2010 
Nederst Skaldynge II EBK 6476 Enghoff 1994 
Nexelø, Pandebjerg EBK 21 Degerbøl 1926 
Nivå 10 EBK 7523 Enghoff 2011 
Nivågård K/EBK 5007 Degerbøl 1926; Enghoff 2011 
Nøddekonge EBK Present Enghoff 2011 
Norslund EBK 316 Andersen and Malmros 1966 
Norsminde EBK/TRB 9158 Enghoff 1989 
Ølby Lyng EBK 3864 Møhl 1971 
Ordrup Næs EBK 174 Degerbøl 1939 
Østenkær EBK 252 Enghoff 2011 
Præstelyng  EBK 1973 Noe-Nygaard 1995 
Ringkloster EBK 941 Enghoff 1994-1995 
Ronæs Skov EBK 109 Enghoff 2009 
Salpetermosen EBK 890 Rosenlund 1976 
Signalbakken TRB 1 Winge 1900, 1903 
Skellerup Enge K/EBK 1602 Ritchie personal communication 
Skellingsted EBK 1 Degerbøl 1943 
Smakkerup Huse EBK 12883 Larsen 2005; Price et al. 2001 
Sølager  EBK 3643 Forchhammer et al. 1851 
Sparregård EBK 104 Rosenlund 1976 
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Site name Culture NISP Reference 
Stationsvej 17-19 K 4547 Enghoff 1994 
Tingbjerggård EBK 3 Degerbøl 1943 
Trustrup EBK/TRB 15 Ritchie personal communication 
Tybrind Vig EBK 2423 Trolle-Lassen 1984, 2013  
Vængesø II EBK 243 Enghoff 2011; Rowley-Conwy 1980 
Vængesø III EBK 6478 Enghoff 2011 
Vænget Nord K 734 Enghoff 1994 
Vejkonge EBK Present Enghoff 2011 
Vejleby EBK 1359 Winge 1912 
Visborg EBK/TRB 186 Enghoff 2011 
Yderhede EBK 528 Enghoff 2011 
Previously published and unpublished fish remain assemblages from Denmark. Note that for some of the 
sites the NISP is unknown. K: Kongemose; EBK: Ertebølle; TRB: Funnel Beaker. K/EBK and EBK/TRB 
do not imply that the site is stratified or transitional.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
197 
Bibliography 
 
Ackman, R. G., & Hooper, S. N. (1968). Examination of isoprenoid fatty acids as 
distinguishing characteristics of specific marine oils with particular reference to whale 
oils. Comparative Biochemistry and Physiology, 24, 549-65. 
 
Albrethsen, S. E., & Brinch Petersen, E. (1976). Excavation of a Mesolithic cemetery at 
Vedbӕk, Denmark. Acta Archaeologica, 47, 1-28.  
 
Alexander, J. A. (1978). Frontier Studies and the Earliest Farmers in Europe. In D. 
Greeen, C. Haselgrove, & M. Spriggs (Eds.), Social Organisation and Settlement. (pp. 
13-29). Oxford: Archaeopress, British Archaeological Reports International Series 47. 
 
Alexandersen, V. (1993). Teeth. In S. Hvass, & B. Storgaard (Eds.), Digging into the 
past: 25 years of archaeology in Denmark. (pp. 81). Århus: Århus University Press.   
 
Ambrose, S. H., & DeNiro, M. J. (1986). The Isotopic Ecology of East African 
Mammals. Oecologia, 69, 395-406. 
 
Ambrose, S. H., & Norr, L. (1993). Experimental evidence for the relationship of the 
carbon isotope ratios of whole diet and dietary protein to those of bone collagen and 
carbonate. In J. D. Lambert, & G. Grupe (Eds.), Prehistoric Human Bone Archaeology 
at the Molecular Level. (pp. 1-37). Berlin: Springer-Verlag. 
 
Andersen, K. (1983). Stenalder bebyggelsen i den Vestsjӕllandske Åmose. København: 
Fredningsstyrelsen. 
 
Andersen, K., Jørgensen, S., & Richter, J. (1982). Maglemosehytterne ved Ulkestrup 
Lyng. Copenhagen: Det Kongelige Nordiske Oldskriftselskab.  
 
Andersen, S. H. (1970). Brovst. En kystboplads fra ӕldre stenalder. Kuml, 1969, 67-90.  
 
Andersen, S. H. (1972). Ertebøllekulturens harpooner. Kuml, 1971, 73-125.   
  
198 
Andersen, S. H. (1973). Bro, en senglacial boplads på Fyn. Kuml, 1972, 7-60.  
 
Andersen, S. H. (1975). Ringkloster: En jysk inlandsboplads med Ertebøllekultur. 
Kuml, 1973-1974, 11-108.   
 
Andersen, S. H. (1976a). Et østjysk fjordsystems bebyggelse i stenalderen. In H. Thrane 
(Ed.), Skrifter fra Institut for Historie og Samfundsvidenskab, odense Universitet 17. 
(pp. 18-61). 
 
Andersen, S. H. (1976b). Nye harpunfund. Kuml, 1975, 11-28.  
 
Andersen, S. H. (1980). Nye østjysk fund av mønstrede Ertebølleoldsager. Kuml, 1980, 
7-59.  
 
Andersen, S. H. (1981). Stenaldersen. Jӕgerstenaldren. Copengahen: Sesam. 
 
Andresen, S. H. (1982). Harpunen fra Føns Vig. Fynske Minder, 1982, 7-16.  
 
Andersen, S. H. (1983). Kalvø – A Coastal Site of the Single Grave Culture. Journal of 
Danish Archaeology, 2, 1983, 71-80.  
 
Andersen, S. H. (1985). Tybrind Vig. A Preliminary Report on a Submerged Ertebølle 
Settlement on the West coast of Fyn. Journal of Danish Archaeology, 4, 52-67.  
 
Andersen, S. H. (1986). Mesolithic dugouts and paddles from Tybrind Vig, Denmark.  
Acta Archaeologica, 57, 87-106.  
 
Andersen, S. H. (1989). Norsminde. A “køkkenmødding” with Late Mesolithic and 
Early Neolithic Occupation. Journal of Danish Archaeology, 8, 13-40. 
 
Andersen, S. H. (1991). Bjørnsholm. A Stratified Køkkenmødding on the Central 
Limfjord, North Jutland. Journal of Danish Archaeology, 10, 59-96. 
 
Andersen, S. H. (1994-1995). Ringkloster. Ertebølle trappers and wild boar hunters in 
  
199 
eastern Jutland: a survey. Journal of Danish Archaeology, 12, 1998, 13-59. 
 
Andersen, S. H. (1995). Coastal Adaptation and Marine Exploitation in Late Mesolithic 
Denmark – with specific emphasis on the Limfjord region. In A. Fischer (Ed.), Man and 
Sea in the Mesolithic. Coastal settlement above and below present sea level. (pp. 41-
66). Oxford: Oxford Books.  
 
Andersen, S. H. (1996). Ertebøllebåde fra Lystrup. Kuml, 7-38. 
 
Andersen, S. H. (2000a). “Køkkenmøddinger” (shell middens) in Denmark: a survey. 
Proceedings of the Prehistoric Society, 66, 361-384. 
 
Andersen, S. H. (2000b). Fisker og bonde ved Visborg. In I. S. Hvass (Ed.), Vor skjulte 
kulturarv og det arkæologiske Nævn. (pp. 42-43).  
 
Andersen, S. H. (2001). Danske køkkenmøddinger anno 2000. In O. L. Jensen, S. 
Sørensen, & K. M. Hansen (Eds.), Danmarks Jægerstenalder – Status og Perspektiver. 
(pp. 21-41). Hørsholm: Hørsholm Egns Museum. 
 
Andersen, S. H. (2002). The transition from the Early to the Late Stone Age in Southern 
Scandinavia, seen from a Mesolithic Point of View. In A. Fischer, & K. Kristiansen 
(Eds.), The Neolithisation of Denmark: 150 Years of Debate. (pp. 221-230). Sheffield: 
J. R. Collis Publications.   
 
Andersen, S. H. (2004a). Danish Shell Middens Reviewed. In A. Saville (Ed.), 
Mesolithic Scotland and its neighbours. (pp. 393-411). Edinburgh: Society of 
Antiquaries of Scotland.  
 
Andersen, S. H. (2004b). Aktivitetspladser fra Ertebølletid: Dyngy III og Sindholt Nord. 
Kuml, 2004, 9-43 
 
Andersen, S. H. (2005). Køkkenmøddingerne ved Krabbesholm. Ny forskning i 
stenalderens kystbopladser. (pp. 151-171). Denmark: Nationalmuseets Arbbejdsmark.  
  
200 
Andersen, S. H. (2007). Shell middens (“Køkkenmøddinger”) in Danish prehistory as a 
reflection of the marine environment. In N. Milner, O. E. Craig, & G. N. Bailey (Eds.), 
Shell Middens in Atlantic Europe. (pp. 31-45). Oxford: Oxbow Books.  
 
Andersen, S. H. (2008a). Shell Middens (“Køkkenmøddinger”): The Danish Evidence. 
In A. Antczak, & R. Cipriani (Eds.), Early Human Impact on Megamolluscs. (pp. 135-
156). Oxford: British Archaeological Reports International Series 1865.   
 
Andersen, S. H. (2008b) A report on recent excavations at the shell midden of Havnø in 
Denmark. Mesolithic Miscellany, 19(1), 2-6. 
 
Andersen, S. H. (2009). Ronæs Skov: Marianarkæologiske undersøgelser af 
kystboplads fra Ertebølletid. Højbjerg: Jysk Arkæologisk Selskab.  
 
Andersen, S. H. (2010). The first pottery in Southern Scandinavia. In B. Vanmontfort, 
L. Louwe Koojimans, L. Amkreutz, & L. Verhart (Eds.), Pots, Farmers and Foragers: 
Pottery traditions and social interaction in the earliest Neolithic of the Lower Rhine 
Area. (pp. 167-176). Archaeological Studies Leiden University 20: Leiden University 
Press.  
 
Andersen, S. H. (2011a). Kitchen middens and the early pottery of Denmark. In S. 
Hartz, F. Lüth, & Terberger, T (Eds.), Early Pottery in the Baltic – Dating, Origin and 
Social Context. International Workshop at Schleswig from 20th to 21st October 2006. 
(pp. 193-215). Bericht der Römish-Germanishen Kommission, Band 89, 2008. 
Frankfurt a. M.: Philipp von Zabern. 
 
Andersen, S. H. (2011b). Ertebølle Canoes and Paddles from the Submerged Habitation 
Site of Tybrind Vig, Denmark. In J. Benjamin, C. Bonsall, C. Pickard, & A. Fischer 
(Eds.), Underwater archaeology and the submerged prehistory of Europe. (pp. 1-14). 
Oxford: Oxbow books. 
 
Andersen, S. H. (2013a). Stenalder på den danske havbund. Et nyt forskningsfelt for 
dansk arkæologi. (pp. 135-159). Denmark: Nationalmuseets Arbbejdsmark. 
 
  
201 
Andersen, S. H. (2013b). Tybrind Vig: Submerged Mesolithic settlements in Denmark. 
Aarhus: Nationalmuseet and Moesgård Museum.  
 
Andersen, S. H., & Johansen, E. (1986). Ertebølle Revisited. Journal of Danish 
Archaeology, 5, 31-61. 
 
Andersen, S. H., & Johansen, E. (1990). An Early Neolithic Grave at Bjørnsholm, 
North Jutland. Journal of Danish Archaeology, 9, 38-58. 
 
Andersen, S. H., & Malmros, C. (1966). Norslund: En kystboplads fra ældre stenalder. 
Kuml, 1965, 35-114. 
 
Andersen, S. H., & Malmros, C. (1984). “Madskorpe” på Ertebøllekar fra Tybrind Vig. 
Aarbøger for Nordisk Oldkyndighed Og Historie, 1984, 78–95. 
 
Andersen, S. H., & Vedsted, J. (1986). Holmegård. Arkæologiske udgravninger i 
Danmark, 1986, 335. 
 
Andersen, S. H., Constandse-Westermann, T. S., Newell, R. R., Gillespie, R., Gowlett, 
J. A. J., & Hedges, R. E. M. (1986). New radiocarbon dates for two Mesolithic burials 
in Denmark. In J. A. J. Gowlett, & R. E. M. Hedges (Eds.), Archaeological Results from 
Accelerator dating. (pp. 39-43). Oxford: Oxford University Committee for 
Archaeology.  
 
Andreassen, T. N. Unpublished Report: The Copenhagen Zoological Museum.  In I. B. 
Enghoff (2011). Regionality and Biotope Exploitation in Danish Ertebølle and 
Adjoining Periods. Scientia Danica. Series B. Biologica. Vol. 1. København: Det 
Kongelige Danske Videnskabernes Selskab. 
 
Andrus, C. F. T. (2011). Shell midden sclerochronology. Quaternary Science Reviews, 
30, 2892-2905. 
 
Arneborg, J., Heinemeier, J., Lynnerup, N., Nielsen, H. L., Rud, N., & 
Sveinbjörnsdóttir, A. E. (1999). Change of diet of the Greenland Vikings determined 
  
202 
from stable carbon isotope analysis and 14C dating of their bones. Radiocarbon, 41(2), 
157-168. 
 
Arrhenius, B., & Lidén, K. (1989). Fisksoppa eller vegetabilisk gröt? Diskussion kring 
matresterna från Tybrind Vig. Laborativ arkeologi, 3, 6–15. 
 
Ascough, P. L., Cook, G. T., Dugmore, A. J., Barber, J., Higney, E., & Scott, E. M. 
(2004). Holocene variations in the Scottish marine radiocarbon reservoir effect. 
Radiocarbon, 46(2), 611–620. 
 
Ascough, P. L., Cook, G., Church, M. J., Dunbar, E., Einarsson, Á., Dugmore, A. J., 
Perdikaris, S., Hastie, H., Friðriksson, A., & Gestsdóttir, H. (2010). Temporal and 
spatial variations in freshwater 14C reservoir effects: Lake Mývatn, northern Iceland. 
Radiocarbon, 52(2–3), 1098–112. 
 
Asingh, P. (2000). Helgenæs – manden i møddingen. In S. Hvass (Ed.), Vor skjulte 
kulturarv. Arkæologien under overfl aden. Til Hendes Majestæt Dronning Margrethe II 
16 april 2000. (pp. 32-33). Kgl. København: Nordiske Oldskriftselskab.  
 
Aaris-Sørensen, K. (1983). A classification code and computerized data-analysis for 
faunal materials from archaeological sites. Ossa, 8, 3–29 
 
Aaris-Sørensen, K., & Andreasen, T. N. (1992-1993). Small Mammals from Danish 
Mesolithic Sites. Journal of Danish Archaeology, 11, 30-38.  
 
Bahnson, K. (1892). Meddelser fra Nationalmuseets danske Samling: Stenalderen. 
Aarbøger for Nordisk Oldkyndighed Og Historie, 7, 161–207. 
 
Bailey, G. N. (1978). Shell Middens as Indicators of Postglacial Economies. In P. 
Mellars (Ed.), The Early Postglacial Settlement of Northern Europe: An Ecological 
Perspective. (pp. 37-64). London: Duckworth.      
 
  
203 
Bailey, G. N., & Craighead, A. S. (2003). Late Pleistocene and Holocene coastal 
palaeoeconomies: a reconsideration of the molluscan evidence from northern Spain. 
Geoarchaeology: An International Journal, 18(2), 175-204.  
 
Bailey, G., & Milner, N. (2008). Molluscan archives from European Prehistory. In A. 
Antczak, & R. Cipriani (Eds.), Early Human Impact on Megamolluscs. (pp. 111-134). 
Oxford: British Archaeological Reports International Series 1865.   
 
Barnes, C., & Jennings, S. (2007). Effect of Temperature, Ration, Body Size and Age 
on Sulphur Isotope Fractionation in Fish. Rapid Communications in Mass Spectrometry, 
21, 1461–1467. 
 
Barker, G. (1985). Prehistoric Farming in Europe. Cambridge: Cambridge University 
Press.  
 
Barrett, J. H., Johnstone, C., Harland, J., Van Neer, W., Ervynck, A., Makowiecki, D., 
Heinrich, D., Hufthammer, A. K., Enghoff, I. B., Amundsen, C., Christiansen, J. S., 
Jones, A. K. G., Locker, A., Hamilton-Dyer, S., Jonsson, L., Lõugas, L., Roberts, C., & 
Richards, M. (2008). Detecting the medieval cod trade: a new method and first results. 
Journal of Archaeological Science, 35, 850-861.  
 
Barrett, J. H., Orton, D., Johnstone, C., Harland, J., Van Neer, W., Ervynck, A., 
Roberts, C., Locker, A., Amundsen, C., Enghoff, I. B., Hamilton-Dyer, S., Heinrich, D., 
Hufthammer, A. K., Jones, A. K. G., Jonsson, L., Makowiecki, D., Pope, P., O’Connell, 
T. C., de Roo, T., & Richards, M. (2011). Interpreting the expansion of sea fishing in 
medieval Europe using stable isotope analysis of archaeological cod bones. Journal of 
Archaeological Science, 38, 1516-1524. 
 
Bateman, N., & Locker, A. (1982). The sauce of the Thames. London Archaeologist, 
4(8), 204-207.  
 
Bay-Petersen, J. L. (1978). Animal Exploitation in Mesolithic Denmark. In P. Mellars 
(Ed.), The Early Postglacial Settlement of Northern Europe: An Ecological Perspective. 
(pp. 115-145). London: Duckworth.      
  
204 
Becker, C. J. (1939). En Stenalderboplads på Ordrup Næs i Nordvestsjælland. Aarbøger 
for Nordisk Oldkyndighed Og Historie, 1939, 199–280. 
 
Becker, C. J. (1947). Mosefundne lerkar fra Yngre Stenalder. Studier over 
Tragtbægerkulturen i Danmark. Årbøger for Nordisk Oldkyndighed og Historie, 
København, Nordisk. 
 
Becker, C. J. (1954). Die mittelneolithischen Kulturen in Südskandinavien. Acta 
Archaeologica, 25, 49-155.   
 
Bergstrand, T. (2005). Leister fishing in Motala Ström during the Atlantic period. In G. 
Gruber (Ed.), Identities in transition. Mesolithic Strategies in the Swedish province of 
Östergötland. (pp. 54-74). Riksantikvarieämbetet UV öst. Arkeologiska 
undersökninger, 64.  
 
Bell, M. V., & Tocher, D. R. (2009). Biosynthesis of Polyunsaturated Fatty Acids in 
Aquatic Ecosystems: General Pathways and New Directions. In M. Kainz, M. T. Brett, 
& M. T. Arts (Eds.), Lipids in Aquatic Ecosystem. (pp. 211–236). Dordrecht: Springer. 
 
Bender, M. M. (1971). Variations in the 13C/12C ratios of plants in relation to the 
pathway of photosynthetic carbon dioxide fixation. Phytochemistry, 10(6), 1239-1244.   
 
Bennike, P. (1985a). Palaeopathology of Danish skeletons: a comparative study of 
demography, disease and injury. Copenhagen: Akademisk Forlag. 
 
Bennike, P. (1985b). Stenalderbefolkeningen på øerne syd for Fyn. En antropologisk 
undersøgelse. In J. Skaarup (Ed.), Yngre stenalder på øerne syd for Fyn. (pp. 467-491). 
Rudkøbing: Langelands Museum.  
 
Bennike, P. (1988). Human remains from the Grøfte Dolmen. Journal of Danish 
Archaeology, 7, 70-76.  
 
  
205 
Bennike, P. (1993). The People. In S. Hvass, & B. Storgaard (Eds.), Digging into the 
past: 25 years of archaeology in Denmark. (pp. 34-39). Århus: Århus University 
Press.   
 
Beerenhout, B. (1996). Vissen bij Wateringen (Zuid-Holland) rond 3700 v. Chr. 
Westerheem, 45, 125-31. 
 
Blankholm, H. P. (1987a). Maglemosian hut floors: An analysis of the dwelling unit, 
social unit, and intra-site behaviour patterns in early Mesolithic Southern Scandinavia. 
In P. Rowley-Conwy, M. Zvelebil, & H. P. Blankholm (Eds.), Mesolithic Northwest 
Europe: Recent trends. (pp. 109-120). Sheffield: Department of Archaeology and 
Prehistory.  
 
Blankholm, H. P. (1987b). Late Mesolithic hunter-gatherers and the transition to 
farming in southern Scandinavia. In P. Rowley-Conwy, M. Zvelebil, & H. P. 
Blankholm (Eds.), Mesolithic Northwest Europe: Recent trends. (pp. 155-162). 
Sheffield: Department of Archaeology and Prehistory. 
 
Blankholm, H. P. (1996). On the track of a prehistoric economy: Maglemosian 
subsistence patterns in early Postglacial southern Scandinavia. Århus: Århus University 
Press.   
 
Blankholm, P. H. (2008). Southern Scandinavia. In G. Bailey, & P. Spikins (Eds.), 
Mesolithic Europe. (pp. 107-131). Cambridge: Cambridge University Press.  
 
Boas, N. A., & Rasmussen, G. H. (1988). Fannerup F. Arkæologiske udgravninger i 
Danmark, 1988, 78. 
 
Bocherens, H., & Drucker, D. (2003). Trophic Level Isotopic Enrichment of Carbon 
and Nitrogen in Bone Collagen: Case Studies from Recent and Ancient Terrestrial 
Ecosystems. International Journal of Osteoarchaeology, 13, 46-53. 
 
Bogaard, A., Fraser, R. A., Heaton, T. H. E., Wallace, M., Vaiglova, P., Charles, M., 
Jones, G., Evershed, R. P., Styring, A. K., Andersen, N. H., Arbogast, R. -M., 
  
206 
Bartosiewicz, L., Gardeisen, A., Kanstrup, M., Maier, U., Marinova, E., Ninov, L., 
Schäfer, M., & Stephan, E. (2013). Crop manuring and intensive land management by 
Europe's first farmers. Proceedings of the National Academy of Sciences, 110(31), 
12589-12594. 
 
Bogucki, P. (2008). The Daubian-Baltic Borderland: Northern Poland in the fifth 
millennium BC. In H. Fokkens, B. Coles, A. L. van Gijn, J. P. Kleijne, H. H. Ponjee, & 
C. G. Slappendel (Eds.), Between Foraging and Farming. (pp. 51-65). Analecta 
Praehistorica Leidensia 40. Leiden: Leiden University.  
 
Bonafini, M., Pellegrini, M., Ditchfield, P., & Pollard, A. M. (2013). Investigation of 
the ‘canopy effect’ in the isotope ecology of temperate woodlands. Journal of 
Archaeological Science, 40, 3926-3935. 
 
Bowman, S. G. E. (1990). Radiocarbon Dating. (Interpreting the Past series). London: 
British Museum Publications.  
 
Braje, T. J., Erlandson, J. M., Rick, T. C., Dayton, P. K., & Hatch, M. B. (2009). 
Fishing from past to present: Continuity and resilience of red abalone fisheries on the 
Channel Islands, California. Ecological Applications, 19(4), 906–919. 
 
Bratlund, B. (1991). The Bone Remains of Mammals and Birds from the Bjørnsholm 
Shell-Mound.  Journal of Danish Archaeology, 10, 97-104. 
 
Bridges, P. S. (1991). Degenerative joint disease in hunter–gatherers and agriculturalists 
from the Southeastern United States. American Journal of Physical Anthropology, 
85(4), 379-391. 
 
Brinch Petersen, E. (1974). Gravene ved Dragsholm. Fra jæger til bønder for 6000 år 
siden. (pp. 112-120). Denmark: Nationalmuseets Arbbejdsmark.  
 
Brinch Petersen, E. (2011). Hundred and fifty years of Ertebølle ceramics in thee 
western Baltic. In S. Hartz, F. Lüth, & Terberger, T (Eds.), Early Pottery in the Baltic – 
Dating, Origin and Social Context. International Workshop at Schleswig from 20th to 
  
207 
21st October 2006. (pp. 217-239). Bericht der Römish-Germanishen Kommission, Band 
89, 2008. Frankfurt a. M.: Philipp von Zabern. 
 
Brinch Petersen, E., & Meiklejohn, C. (2007). Historical context of the term 
‘complexity’ in the south Scandinavian Mesolithic. Acta Archaeologica, 78(2), 181-
192.   
 
Brinch Petersen, E., & Meiklejohn, C. (2009). Late Mesolithic or Early Neolithic 
Burials? Examining the ‘Tauber line’. In N. Finlay, S. McCartan, N. Milner, & C. 
Wickham-Jones (Eds.), From Bann flakes to Bushmills. Papers in honour of Professor 
Peter Woodman. (pp. 165-174). Prehistoric Society Research Paper, No. 1. Oxford: 
Oxbow Books.  
 
Brinch Petersen, E., Juel-Jensen, H., Aaris-Sørensen, K., & Petersen, P. V. (1982). 
Vedbækprojektet: Under mosen og byen. Søllerødbogen, 1982.  
 
Brinkhuizen, D. C. (1997). Some remarks on seasonal dating of fish remains by means 
of growth ring analysis. Internet Archaeology, doi:10.11141/ia.3.8. 
 
Brinkhuizen, D. C. (2006). Fish. In L. P. Louwe Kooijmans, & P. F. B. Jongste 
(Eds.), Schipluiden, a Neolithic settlement on the Dutch North Sea coast c. 3500 cal BC. 
(pp. 449-470). Leiden: Analecta Praehistorica Leidensia, 37/38.   
 
Brøndegaard, V. J. (1985). Folk og fauna I. Rosenkilde og Bagger.  
 
Broholm, H. C. (1924). Nye fund fra den Ældste Stenalder, Holmegaard- og 
Sværdborgfundene. Årbøger fra Nordisk Oldkyndighed og Historie, 1-144.  
 
Bronk Ramsey, C. (2009). Bayesian analysis of radiocarbon dates. Radiocarbon, 51(1), 
337-360. 
 
Brown, L. D., & Heron, C. (2005). Presence or absence: A preliminary study into the 
detection of fish oils in ceramics. In J. Mulville, & A. Outram (Eds.), The 
  
208 
Zooarchaeology of Fats, Oils, Milk and Dairying. Proceedings of the 9th ICAZ 
Conference, Durham 2002. (pp. 67–76). Oxford: Oxbow Books. 
 
Brown, T. A., Nelson, D. E., & Southon, J. R. (1988). Improved collagen extraction by 
modified Longin method. Radiocarbon, 30, 171–177. 
 
Brøndsted, J. (1957). Danmarks oldtid i stenalderen. Copenhagen: Gyldendal. 
 
Buckley, M., & Kansa, S. W. (2011). Collagen fingerprinting of archaeological bone 
and teeth remains from Domuztepe, South Eastern Turkey. Journal of Archaeological 
and Anthropological Sciences, 3, 271-280, DOI 10.1007/s12520-011-0066-z.  
 
Buckley, M., Collins, M., Thomas-Oates, J., & Wilson, J.C. (2009). Species 
identification by analysis of bone collagen using matrix-assisted laser 
desorption/ionisation time-of-flight mass spectrometry. Rapid Communications in Mass 
Spectrometry, 23, 3843–3854.   
 
Budd, P., Millard, A., Chenery, C., Lucy, S., & Roberts, C. (2004). Investigating 
population movement by stable isotope analysis: A report from Britain. Antiquity, 78, 
127–140. 
 
Bullock, A. E., & Jones, A. K. G. (1998). Dispersal of Fish Waste. Internet 
Archaeology, 4, http://dx.doi.org/10.11141/ia.4.11.  
 
Burman, J., & Schmitz, B. (2005). Periwinkle (Littorina littorea) intrashell delta δ18O 
and delta δ13C records from the mid-Holocene Limfjord region, Denmark: a new 
highresolution palaeoenvironmental proxy approach. The Holocene, 15, 567-575. 
 
Cantoni, G. L. (1975). Biological Methylation: Selected Aspects. Annual Review of 
Biochemistry, 44, 435-451, DOI: 10.1146/annurev.bi.44.070175.002251. 
 
Cannon, D. Y. (1987). Marine Fish Osteology; A Manual for Archaeologists. Burnaby: 
Archaeology Press Simon Fraser University. 
 
  
209 
Cardell, A. (2004). Fish bones from the late Atlantic Ertebølle settlement of Møllegabet 
II, Ærø, Denmark. In J. Skaarup, & O. Grøn (Eds.), Møllegabet II.  A submerged 
Mesolithic settlement in southern Denmark. (pp. 148–158). Oxford: Archaeopress, 
British Archaeological Reports International Series 1328.  
 
Casteel, R. W. (1976). Comparison of column and whole unit samples for recovering 
fish remains. World Archaeology, 8, 192-196. 
 
Chace, P. (1969). Biological Archaeology of Some Coastal Middens, Orange County, 
CA. Pacific Coast Archaeological Society Quarterly, 5(2), 65-77.  
 
Charters, S., Evershed, R. P., Blinkhorn, P. W., & Denham, V. (1995). Evidence for the 
mixing of fats and waxes in archaeological ceramics. Archaeometry, 37, 113–127. 
 
Chisholm, B. S., Nelson, D. E., & Schwarcz, H. P. (1982). Stable-carbon isotope ratios 
as a measure of marine versus terrestrial protein in ancient diets. Science, 216, 1131-
1132.    
 
Christensen, C. (1990). Stone-Age Dug-Out Boats in Denmark: occurence, Age, Form 
and Reconstruction. In D. Robinson (Ed.), Experimentation and Reconstruction in 
Environmental Archaeology. (pp. 119-141). Oxford: Oxbow.  
 
Christensen, C. (1993). Land and sea. In S. Hvass, & B. Storgaard (Eds.), Digging into 
the past: 25 years of archaeology in Denmark. (pp. 20-23). Århus: Århus University 
Press.   
 
Claassen, C. (1998). Shells. Cambridge Manuals in Archaeology. Cambridge: 
Cambridge University Press.  
 
Christensen, K. (1997). Wood from fish weirs – forestry in the Stone Age. In L. 
Pedersen, A. Fischer, & B. Aaby (Eds.), The Danish Storebælt since the Ice Age – man, 
sea and forest. (pp. 147-156). Copenhagen: A/S Storebælt Fixed Link in co-operation 
with Kalundborg Regional Museum, the National Forest and Nature Agency the 
Ministry of Environment and Energy, and the National Museum of Denmark. 
  
210 
Clark, J. G. D. (1975). The Earlier Stone Age Settlement of Scandinavia. Cambridge: 
Cambridge University Press.  
 
Clark, J. G. D. (1984). Mesolithic Prelude: The Paleolithic-Neolithic Transition in Old 
World Prehistory. Edinburgh: Edinburgh University Press.  
 
Clutton-Brock, J., & Noe-Nygaard, N (1990). New Osteological and C-Isotope 
Evidence on Mesolithic Dogs: Comparisons to Hunters and Fishers at Star Carr, Seamer 
Carr and Kongemose. Journal of Archaeological Science, 17, 643-653. 
 
Coles, J. M. (1971). The early settlement of Scotland: excavations at Morton, Fife. 
Proceedings of the Prehistoric Society, 38, 284-366.  
 
Colonese, A. C., Collins, M. J., Lucquin, A. J. A., Eustace, M., Hancock, Y., De 
Almeida Rocha Ponzoni, R., Smith, C., Mora, A., DeBalasis, A. P. D., Figuti, L., 
Wesolowski, V., Plens, C., Eggers, S., Farias, D., Gledhill, A., & Craig, O. E. (2014). 
Long-term resilience of late Holocene coastal subsistence system in southeastern South 
America. PLoS ONE, 9(8), e93854, 10.1371/journal.pone.0093854.  
 
Colonese, A. C., Farrell, T., Lucquin, A., Firth, D., Charlton, S., Robson, H. K., 
Alexander, M., & Craig, O. E. (2015). Archaeological bone lipids as palaeodietary 
markers. Rapid Communications in Mass Spectrometry, 29, 611-618, DOI: 
10.1002/rcm.7144.  
 
Collins, M. J., Nielsen-Marsh, C. M., Hiller, J., Smith, C. I., Roberts, J. P., Prigodich, R. 
V., Wess, T. J., Csap, J., Millard, A. R., & Turner-Walker, G. (2002). The survival of 
organic matter in bone: a review. Archaeometry, 44, 383–94. 
 
Conroy, J. W. H., Watt, J., Webb, J. B., & Jones, A. (2005). A guide to the identification 
of prey remains in otter spraint. London: The Mammal Society.  
 
Cook, G. T., Ascough, P. L., Bonsall, C., Hamilton, W. D., Russell, N., Sayle, K. L., 
Scott, E. M., & Bownes, J. M. (2015). Best practice methodology for 14C calibration of 
marine and mixed terrestrial/marine samples. Quaternary Geochronology, 27, 164–171. 
  
211 
Copley, M. S., Hansel, F., Sadr, K., & Evershed, R. P. (2004). Organic residue evidence 
for the processing of marine animal products in pottery vessels from the pre-colonial 
archaeological site of Kasteelberg D east, South Africa. South African Journal of 
Science, 100, 279–283. 
 
Copley, M. S., Bland, H. A., Rose, P., Horton, M., & Evershed, R. P. (2005a). Gas 
chromatographic, mass spectrometric and stable carbon isotopic investigations of 
organic residues of plant oils and animal fats employed as illuminants in archaeological 
lamps from Egypt. Analyst, 130(6), 860-871.  
 
Copley, M. S., Berstan, R., Dudd, S. N., Aillaud, S., Mukherjee, A. J., Straker, V., 
Payne, S., & Evershed, R. P. (2005b). Processing of milk products in pottery vessels 
through British prehistory. Antiquity, 79, 895-908.  
 
Correa-Ascencio, M., & Evershed, R. P. (2014). High throughput screening of organic 
residues in archaeological potsherds using direct acidified methanol extraction. 
Analytical Methods, 6, 1330-1340.  
 
Coutts, P. J. F. (1970). Bivalve-growth Patterning as a Method for Seasonal Dating in 
Archaeology. Nature, 226, 874.   
 
Coutts, P. J. F. (1974). Growth characteristics of the Bivalve Chione stutchburyi. New 
Zealand Journal of Marine and Freshwater Research, 8, 333-339.    
 
Coutts, P. J. F. (1975). The Seasonal Perspective of Marine-Orientated Prehistoric 
Hunter-Gatherers. In G. D. Rosenberg, & S. K. Runcorn (Eds.), Growth Rhythms and 
the History of the Earth’s Rotation. (pp. 243-252). London: Wiley.  
 
Cowx, I. G. (1983). The biology of bream, Abramis brama (L), and its natural hybrid 
with roach, Rutilus rutilus (L), in the River Exe. Journal of Fish Biology, 22, 631-646. 
 
Cramp, L. J. E., & Evershed, R. P. (2014). Reconstructing aquatic resource exploitation 
in human prehistory using lipid biomarkers and stable isotopes. In H. D. Holland, & K. 
  
212 
K. Turekian (Eds.), Treatise on Geochemistry, 2nd edition, volume 14. (pp. 319–339.) 
Oxford: Elsevier.  
 
Cramp, L. J. E., Jones, J., Sheridan, A., Smyth, J., Whelton, H., Mulville, J., Sharples, 
N., & Evershed, R. P. (2014). Immediate replacement of fishing with dairying by the 
earliest farmers of the northeast Atlantic archipelagos. Proceedings of the Royal Society 
B, 281, 20132372, http://dx.doi.org/10.1098/rspb.2013.2372.  
 
Craig, O. E., Chapman, J., Heron, C., Willis, L. H., Bartosiewicz, L., Taylor, G., 
Whittle, A., & Collins, M. (2005a). Did the first farmers of central and eastern Europe 
produce dairy foods? Antiquity, 79(306), 882-894. 
 
Craig, O. E., Taylor, G., Mulville, J., Collins, M. J., & Pearson, M. P. (2005b). The 
identification of prehistoric dairying activities in the Western Isles of Scotland: an 
integrated biomolecular approach. Journal of Archaeological Science, 32(1), 91-103. 
 
Craig, O. E., Ross, R., Andersen, S. H., Milner, N., & Bailey, G. N. (2006). Focus: 
sulphur isotope variation in archaeological marine fauna from northern Europe. Journal 
of Archaeological Science, 33(11), 1642-1646. 
 
Craig, O. E., Forster, M., Andersen, S. H., Koch, E., Crombé, P., Milner, N. J., Bailey, 
G., & Heron, C. (2007). Molecular and Isotopic Demonstration of the Processing of 
Aquatic Products in Northern European Prehistoric Pottery. Archaeometry, 49(1), 135-
142. 
 
Craig, O. E., Steele, V. J., Fischer, A., Hartz, S., Andersen, S. H., Donohoe, P., Glykou, 
A., Saul, H., Jones, D. M., Koch, E., & Heron, C. (2011). Ancient lipids reveal 
continuity in culinary practices across the transition to agriculture in Northern 
Europe. Proceedings of the National Academy of Sciences, 108(44), 17910-17915. 
 
Craig, O. E., Allen, R. B., Thompson, A., Stevens, R. E., Steele, V. J., & Heron, C. 
(2012). Distinguishing wild ruminant lipids by gas chromatography/combustion/isotope 
ratio mass spectrometry. Rapid Communications in Mass Spectrometry, 26(19), 2359-
2364, 10.1002/rcm.6349.  
  
213 
Craig, O. E., Saul, H., Lucquin, A., Nishida, Y., Taché, K., Clarke, L., Thompson, A., 
Altoft, D. T., Uchiyama, J., Ajimoto, M., Gibbs, K., Isaksson, S., Heron, C. P., & 
Jordan, P. (2013). Earliest evidence for the use of pottery. Nature, 496(7445), 351-354, 
10.1038/nature12109.  
 
Crombé, P., Perdaen, Y., Sergant, J., van Roeyen, J.-P., & van Stryndonck, M. (2002). 
The Mesolithic-Neolithic Transition in the Sandy Lowlands of Belgium: New evidence. 
Antiquity, 76, 699-706. 
 
Davison, K., Dolukhanov, P. M., Sarson, G. R., Shukurov, A., & Zaitseva, G. (2009). 
Multiple sources of the European Neolithic: Mathematical modelling constrained by 
radiocarbon dates. Quaternary International, 203(1-2), 10-18.  
 
Dembitsky, V. M., Goldshlag, P., & Srebnik, M. (2002). Occurrence of dicarboxylic 
(dioic) acids in some Mediterranean nuts. Food Chemistry, 76, 469-473. 
 
Degerbøl, M. (1926). Bibliographia Wingeiana. En fortegnelse over Herluf Winge’s 
arbejder. Videnskabelige Meddel. Fra den Naturhistoriske Forening i København, 82, 
1-41. 
 
Degerbøl, M. (1928). Dyreknogler (fra Langøfundet). Aarbøger for Nordisk 
Oldkyndighed og Historie, 1928, 174–184.  
 
Degerbøl, M. (1939). Bundsø, En yngre Stenalders boplads på Als. Aarbøger fra 
nordisk Oldkyndighed og Historie, 1939, 85-198. 
 
Degerbøl, M. (1942). Et knoglemateriale fra Dyrholm-bopladsen, en Ældre Stenalder-
køkkenmødding. Det Kongelige Danske Videnskabernes Selskab, Arkæologisk-
Kunsthistoriske Skrifter, 1(1), 79-135. 
 
Degerbøl, M. (1943). Om dyrelivet i Åmosen i stenalderen. In T. Mathiassen (Ed.), 
Stenalderbopladser i Aamosen. (pp. 165-204). København: Fortidsminder.  
 
  
214 
Degerbøl, M. (1945). Subfossile Fisk fra Kvartærtiden i Danmark. København: 
Vidensk, Medd, Bind 106. 
 
Degerbøl, M. (1946). Om dyreknogler fra den ældre stenalder boplads ved Vedbæk. 
Søllerødbogen, 1946, 32-33. 
 
Degerbøl, M., & Fredskild, B. (1970). The Urus (Bos primigenius Bojanus) and 
Neolithic Domesticated Cattle (Bos taurus domesticus Linné) in Denmark. Det 
Kongelige Danske Videnskabernes Selskab Biologiske Skrifter, 17(1), 1-234. 
 
Deith, M. (1983a). Seasonality of Shell Collecting, Determined by Oxygen Isotope 
Analayis of Marine Shells from Asturian Sites in Cantabria. In C. Grigson, & J. 
Clutton-Brock (Eds.), Animals in Archaeology, Volume 2: Shell Middens, Fishes and 
Birds. (pp. 67-76). Oxford: Archaeopress, British Archaeological Reports International 
Series 183. 
 
Deith, M. (1983b). Molluscan Calendars: The Use of Growth-line Analysis to Establish 
Seasonality of Shellfish Collection at the Mesolithic Site of Morton, Fife. Journal of 
Archaeological Science, 10, 423-440.  
 
Dencker, J., & Rieck, F. (2000). Storm over submarin stenalder. Marinarkӕologisk 
Nyhedsbrew fra Roskilde, 15, December 2000, 4-5.  
 
DeNiro, M. J. (1985). Postmortem preservation and alteration of in vivo bone collagen 
isotope ratios in relation to palaeodietary reconstruction. Nature, 317, 806-809. 
 
DeNiro, M. J., & Epstein, S. (1981). Influence of diet on the distribution of nitrogen 
isotopes in animals. Geochimica et Cosmochimica Acta, 45, 341-351. 
 
DeNiro, M. J., & Schoeninger, M. J. (1983). Stable carbon and nitrogen isotope ratios 
of bone collagen: Variations within individuals, between sexes, and within populations 
raised on monotonous diets. Journal of Archaeological Science, 10, 199-203, 
doi:10.1016/0305-4403(83)90002-X. 
 
  
215 
De Roever, J. P. (2004). Swifterbant-aardewerk. Een analyse van de neolithische 
nederzettingen bij Swifterbant, 5e millennium voor Christus. Unpublished PhD Thesis: 
Groningen University. 
 
Dolukhanov, P., Shukurov, A., Gronenborn, D., Sokoloff, D., Timofeev, V., & 
Zaitseva, G. (2005). The chronology of Neolithic dispersal in Central and Eastern 
Europe. Journal of Archaeological Science, 32(10), 1441-1458.  
 
Drechsel, C. F. (1890). Oversigt over vore Saltvandsfiskerier. Grenaa: 
Danskfiskerimuseum.  
 
Drucker, D., & Bocherens, H. (2004). Carbon and Nitrogen Stable Isotopes as Tracers 
of Change in Diet Breadth during Middle and Upper Palaeolithic in Europe. 
International Journal of Osteoarchaeology, 14, 162-177.   
 
Dudd, S. N., & Evershed, R. P. (1998). Direct demonstration of milk as an element of 
archaeological economies. Science, 282, 1478–1481. 
 
Dudd, S. N., Evershed, R. P., & Gibson, A. M. (1999). Evidence for varying patterns of 
exploitation of animal products in different prehistoric pottery traditions based on lipids 
preserved in surface and absorbed residues. Journal of Archaeological Science, 26, 
1473-1482. 
 
Dumpe, B., Valdis, B., & Stilborg, O. (2011). A dialogue across the Baltic on Narva 
and Ertebølle pottery. In S. Hartz, F. Lüth, & Terberger, T (Eds.), Early Pottery in the 
Baltic – Dating, Origin and Social Context. International Workshop at Schleswig from 
20th to 21st October 2006. (pp. 409-441). Bericht der Römish-Germanishen 
Kommission, Band 89, 2008. Frankfurt a. M.: Philipp von Zabern. 
 
Ebbesen, K. (1992). Simple, tidligneolitiske grave. Årbøger fra Nordisk Oldkyndighed 
og Historie, 45-102.  
 
  
216 
Ehleringer, J. R., & Monson, R. K. (1993). Evolutionary and ecological aspects of 
photosynthetic pathway variation. Annual Review of Ecology and Systematics, 24, 411-
439.   
 
Elliot, B. (2015). Facing the Chop: Redefining British Antler Mattocks to Consider 
Larger-scale Maritime Networks in the Early Fifth Millennium Cal BC. European 
Journal of Archaeology, 18(2), 222-244. DOI 10.1179/1461957114Y.0000000077.  
 
Enghoff, I. B. (1983). Size distribution of cod (Gadidae) and whiting (Merlangius 
merlangus) (Pisces, Gadidae) from a Mesolithic settlement at Vedbaek, north Zealand, 
Denmark. Videnskabelige Medelelser fra Dansk Naturhistorisk Forening, 144, 83-97. 
 
Enghoff, I. B. (1986). Freshwater Fishing from a Sea-Coast Settlement- The Ertebølle 
locus classicus Revisited. Journal of Danish Archaeology, 5, 62-76. 
 
Enghoff, I. B. (1989). Fishing from the Stone Age Settlement of Norsminde. Journal of 
Danish Archaeology, 8, 41-50. 
 
Enghoff, I. B. (1991). Mesolithic Eel-Fishing at Bjørnsholm, Denmark, Spiced with 
Exotic Species. Journal of Danish Archaeology, 10, 105-118. 
 
Enghoff, I. B. (1994). Fishing in Denmark during the Ertebølle period. International 
Journal of Osteoarchaeology, 4, 65-96.  
 
Enghoff, I. B. (1994-1995). Freshwater fishing at Ringkloster, with a supplement of 
marine fishes. Journal of Danish Archaeology, 12, 99-106. 
 
Enghoff, I. B. (1995). Fishing in Denmark during the Mesolithic period. In A. Fischer 
(Ed.), Man and Sea in the Mesolithic. Coastal settlement above and below present sea 
level. (pp. 67-74). Oxford: Oxford Books. 
 
Enghoff, I. B. (2011). Regionality and Biotope Exploitation in Danish Ertebølle and 
Adjoining Periods. Scientia Danica. Series B. Biologica. Vol. 1. København: Det 
Kongelige Danske Videnskabernes Selskab. 
  
217 
Enghoff, I. B., MacKenzie, B. R., & Nielsen, E. E. (2007). The Danish fish fauna 
during the warm Atlantic period (ca. 7000–3900 bc): Forerunner of future changes? 
Fisheries Research, 87(2-3), 167-180. 
 
Enser, M. (1991). Animal carcass fats and fish oils. In  J. B. Rosell, J. L. R. Protchard 
(Eds.), Analysis of oilseed, fats and fatty foods. (pp. 329-394). London: Elsevier.  
 
Evershed, R. P. (2008). Organic residue analysis in archaeology: The archaeological 
biomarker revolution. Archaeometry, 50, 895–924.  
 
Evershed, R. P., Stott, A. W., Raven, A., Dudd, S. N., Charters, S., & Leyden, A. 
(1995). Formation of long-chain Ketones in ancient-pottery vessels by pyrolysis of acyl 
lipids. Tetrahedron Letters, 36, 8875-8. 
 
Evershed, R. P., Dudd, S. N., Copley, M. S., Berstan, R., Stott, A. W., Mottram, H., 
Buckley, S. A., & Crossman, Z. (2001). Chemistry of archaeological animal fats. 
Accounts of Chemical Research, 35, 660–668. 
 
Evershed, R. P., Dudd, S. N., Copley, M. S., & Mukherjee, A. (2002). Identification of 
animal fats via compound specific δ13C values of individual fatty acids: Assessments of 
results for reference fats and lipid extracts of archaeological pottery vessels. In M. 
Budja (Ed.), Neolithic Studies 9, Documenta Praehistorica XXIX, 73–97.  
 
Evershed, R. P., Copley, M. S., Dickson, L., & Hansel, F. A. (2008). Experimental 
evidence for the processing of marine animal products and other commodities 
containing polyunsaturated fatty acids in pottery vessels. Archaeometry, 50, 101–113. 
 
Evin, A., Flink, L. G., Krause-Kyora, B., Makarewicz, C., Hartz, S., Schreiber, C., von 
Wurmb-Schwark, N., Nebel, A., von Carnap-Bornheim, C., Larson, G., & Dobney, K. 
(2014). Exploring the complexity of domestication: a response to Rowley-Conwy and 
Zeder. World Archaeology, 46(5), 825-834, DOI: 10.1080/00438243.2014.953711. 
 
  
218 
Farrow, G. E. (1971). Periodicity structures in the bivalve shell: experiments to 
establish growth controls in Cerastoderma edule from the Thames Estuary. 
Palaeontology, 14(1), 571-588.  
 
Farrow, G. E. (1972). Periodicity structures in the bivalve shell: analysis of stunting in 
Cerastoderma Edule from the Burry Inlet (South Wales). Palaeontology, 15(1), 61-72.  
 
Faure, G. & Mensing, T. M. (2005). Principles of Isotope Geology. New York: John 
Wiley and Sons.  
 
Fernandes, R. (2015).  A Simple(R) Model to Predict the Source of Dietary Carbon in 
Individual Consumers. Archaeometry, 9999: doi: 10.1111/arcm.12193. 
 
Fernandes, R., Nadeau, M.-J., & Grootes, P. (2012). Macronutrient-based model for 
dietary carbon routing in bone collagen and bioapatite. Journal of Archaeological and 
Anthropological Sciences, 4(4), 291-301.  
 
Fernandes, R., Dreves, A., Nadeau, M.-J., & Grootes, P. (2013). A Freshwater Lake 
Saga: Carbon Routing within the Aquatic Food Web of Lake Schwerin. Radiocarbon, 
55(2-3), 1102-1113.  
 
Fernandes, R., Millard, A. R., Brabec, M., Nadeau, M.-J., Grootes, P. (2014). Food 
Reconstruction Using Isotopic Transferred Signals (FRUITS): A Bayesian Model for 
Diet Reconstruction. PLoS ONE, 9(2), e87436, doi:10.1371/journal.pone.0087436.  
 
Fine, P. M., Cass, G. R., & Simoneit, B. T. (2001). Chemical characterization of fine 
particle emissions from fireplace combustion of woods grown in the North-eastern 
United States. Environmental Science Technology, 35, 2665-2675.  
 
Fine, P. M., Cass, G. R., & Simoneit, B. T. (2002). Chemical characterization of fine 
particle emissions from the fireplace combustion of woods grown in the Southern 
United States. Environmental Science Technology, 36, 1442-1451. 
 
  
219 
Fischer, A. (1982). Trade in Danubian Shaft-Hole Axes and the Introduction of 
Neolithic Economy in Denmark. Journal of Danish Archaeology, 1, 7-12. 
 
Fischer, A. (1992). Stenalderbopladser ved Lindholm i Nyborg Fjord. Skov- og 
Naturstyrelsen. København: Miljøministeriet.  
 
Fischer, A. (1993).  Stenalderbopladser på bunden af Smålandsfarvandet. En teori 
afprøvet ved dykkerbesigtigelse. Skov- og Naturstyrelsen. Hørsholm: Miljøministeriet.  
 
Fischer, A. (1995). An entrance to the Mesolithic world below the ocean: status of ten 
years work on the Danish sea floor. In A. Fischer (Ed.), Man and Sea in the Mesolithic. 
Coastal settlement above and below present sea level. (pp. 371-384). Oxford: Oxford 
Books. 
 
Fischer, A. (1997). People and the Sea – Settlement and Fishing Along the Mesolithic 
Coasts. In L. Pedersen, A. Fischer, & B. Aaby (Eds.), The Danish Storebælt since the 
Ice Age – man, sea and forest. (pp. 63-77). Copenhagen: A/S Storebælt Fixed Link in 
co-operation with Kalundborg Regional Museum, the National Forest and Nature 
Agency the Ministry of Environment and Energy, and the National Museum of 
Denmark. 
 
Fischer, A. (2002). Food for feasting? An evaluation of explanations of the 
neolithisation of Denmark and southern Sweden. In A. Fischer, & K. Kristiansen (Eds.), 
The Neolithisation of Denmark: 150 Years of Debate. (pp. 343-393). Sheffield: J. R. 
Collis Publications.   
 
Fischer, A. (2003). Trapping up the rivers, trading across the sea. In L. Larsson, H. 
Kindgren, K. Knutsson, D. Loeffler, & A. Åkerlund (Eds.), Mesolithic on the Move. 
Papers presented at the Sixth International Conference on the Mesolithic in Europe, 
Stockholm 2000. (pp. 393-401). Oxford: Oxbow Books. 
 
Fischer, A. (2007). Coastal fishing in Stone Age Denmark- evidence from below and 
above the present sea level and from the bones of human beings. In N. Milner, O. E. 
  
220 
Craig, & G. N. Bailey (Eds.), Shell Middens in Atlantic Europe. (pp. 54-69). Oxford: 
Oxbow Books. 
 
Fischer, A., & Heinemeier, J. (2003). Freshwater reservoir effect in 14C dates of food 
residue on pottery. Radiocarbon, 45(3), 449–466. 
 
Fischer, A., & Kristiansen, K. (2002). The Neolithisation of Denmark: 150 Years of 
Debate. Sheffield: J. R. Collis Publications. 
 
Fischer, A., Bennike, P., & Heinemeier, J. (2004). Særling fra Sejerø. Beretning fra 
Kalundborg og Omegns Museum, 64-68. 
 
Fischer, A., Olsen, J., Richards, M., Heinemeier, J., Sveinbjörnsdóttir, A. E., & 
Bennike, P. (2007). Coast-inland mobility and diet in the Danish Mesolithic and 
Neolithic: Evidence from stable isotope values of humans and dogs. Journal of 
Archaeological Science, 34, 2125-2150. 
 
Fontanals-Coll, M., Subirà, M. E., Marín-Moratalla, N., Ruiz, J., & Gibaja, J. F. (2014). 
From Sado Valley to Europe: Mesolithic dietary practices through different geographic 
distributions. Journal of Archaeological Science, doi: 10.1016/j.jas.2014.07.028. 
 
Forchhammer, G., Steenstrup, J., & Worsaae, J. (1851). Undersögelser i Geologisk-
antiqvarisk Retning (Særskilt optrykt af Oversigten over Videnskabernes Selskabs 
Forhandlinger i Aarene 1848 og 1851). Copenhagen: Bianco Luno. 
 
Fornander, E., Eriksson, G., & Lidén, K. (2008). Wild at heart: approaching pitted ware 
identity, economy and cosmology through stable isotopes in skeletal material from the 
Neolithic site Korsnäs in Eastern Central Sweden. Journal of Anthropological 
Archaeology, 27, 281–297. 
 
Froese, R., & Pauly. D. (2015). FishBase. World Wide Web electronic publication. 
www.fishbase.org, version (02/2015). 
 
  
221 
Froom, G. (1979). A Study of Molluscs and Otoliths from the Prehistoric Coastal 
Midden of Norsminde, Denmark. Unpublished M. Phil. Dissertation: University of 
Cambridge.  
 
Fry, B. (1988). Food web structure on Georges Bank from stable C, N, and S isotopic 
compositions. Limnology and Oceanography, 33, 1182. 
 
Gabrielsen, S. (1953). Udgravningen på Flynderhage 1945-47. Aarhus Stifts Aarbøger, 
XLVI, 5-16.  
 
Galili, E., Rosen, B., Gopher, A., & Horwitz, L. K. (2002). The emergence and 
dispersion of the Eastern Mediterranean fishing village: Evidence from submerged 
Neolithic settlements off the Carmel coast, Israel. Journal of Mediterranean 
Archaeology, 15, 167–198.  
 
Gebauer, A. B. (1995). Pottery production and the introduction of agriculture in 
southern Scandinavia. In W. K. Barnet, & J. W. Hoopes (Eds.), The emergence of 
pottery: technology and innovation in ancient societies. (pp. 99–112). Washington: 
Smithsonian Institution Press.  
 
Genov, P. (1981). Food Composition of Wild Boar in North-eastern and Western 
Poland. Acta Theriologica, 26(10), 185-205. 
 
Gillespie, R., Gowlett, E. T., Hall, E. T., & Hedges, R. E. M. (1984). Radiocarbon 
measurements by accelerator mass spectrometry: an early selection of dates. 
Archaeometry, 26(1), 15-20.  
 
Glykou, A. (2011). Neustadt LA 156-Ein Submariner Fundplatz des Spӓten 
Mesolithikums und des Frühesten Neolithikums in Schleswig-Holstein. Untersuchungen 
zur Subsistenzstrategie der Letzen Jӓger, Sammler und Fischer an der Norddeutschen 
Osteseeküste. Unpublished PhD Thesis: University of Kiel.  
 
  
222 
Glykou, A. (2014). Late Mesolithic-Early Neolithic Sealers: a case study on the 
exploitation of marine resources during the Mesolithic-Neolithic transition in the south-
western Baltic Sea. Internet Archaeology, 37, http://dx.doi.org/10.11141/ia.37.7.  
 
Goodman, A. H., Armelagos, G. J., & Ross, J. C. (1980). Enamel Hypoplasias as 
Indicators of Stress in Three Prehistoric Populations from Illinois. Human Biology, 
52(3), 515-528. 
 
Gordon, J. E., & Harkness, D. D. (1992). Magnitude and geographic variation of the 
radiocarbon content in Antarctic marine life: implications for reservoir corrections in 
radiocarbon dating. Quaternary Science Reviews, 11(7-8), 697-708. 
 
Gotfredsen, A. B. (1998). En rekonstruktion af palæomiljøet omkring thre 
senmesolitske bopladser i Store Åmose, Vestsjælland-baseret på pattedyr- og 
fugleknogler. Geologisk Tidsskrift, 2, 92-103. 
 
Gron, K. J. (2013a). The Ertebølle faunal economy and the transition to agriculture in 
southern Scandinavia. Unpublished PhD Thesis: University of Wisconsin, Madison. 
 
Gron, K. J. (2013b). Body Part Representation, Fragmentation and Patterns of Ertebølle 
Deer Exploitation in Northwest Zealand, Denmark. International Journal of 
Osteoarchaeology, DOI: 10.1002/oa.2339. 
 
Gron, K., & Robson, H. K. (accepted). The Ertebølle Zooarchaeological Dataset from 
Southern Scandinavia. Open Quaternary. 
 
Gron, K. J., Montgomery, J., & Rowley-Conwy, P. (2015). Cattle management for 
dairying in Scandinavia’s earliest Neolithic. PLoS ONE, 10(7), e0131267. 
doi:10.1371/journal.pone.0131267. 
 
Gron, K., Andersen, S. H., & Robson, H. K. (in print). Bone fragmentation as a tool for 
quantification and identification of taphonomic processes and their effects: the case 
study from Havnø, a stratified Danish “Køkkenmødding.” In N. Bicho (Ed.), The Muge 
Middens: 150 Years. Newcastle upon Tyne: Cambridge Scholars. 
  
223 
Göransson, H. (1988). Pollen analytical investigations at Skateholm, southern Sweden. 
In L. Larsson (Ed.), The Skateholm Project. I: Man and Environment. (pp. 27-33). 
Lund: Acta Regiae Societatis Humaniorum Litterarum LXXIX.    
 
Gronenborn, D. (2009). Transregional Culture Contacts and the Neolithization Process 
in Northern Central Europe. In P. Jordan, & M. Zvelebil (Eds.), Ceramics before 
Farming. The Dispersal of Pottery among Prehistoric Eurasian Hunter-Gatherers. (pp. 
527-550). Walnut Creek: Left Coast Press. 
 
Gronenborn, D. (2011). Early pottery in Afroeurasia – origins and possible routes of 
dispersal. In S. Hartz, F. Lüth, & Terberger, T (Eds.), Early Pottery in the Baltic – 
Dating, Origin and Social Context. International Workshop at Schleswig from 20th to 
21st October 2006. (pp. 59-88). Bericht der Römish-Germanishen Kommission, Band 
89, 2008. Frankfurt a. M.: Philipp von Zabern. 
 
Gutiérrez-Zugasti, I., & Laurie, E. M. (2006). An Analysis of the Seasonality of the 
Oyster (Ostrea edulis (L)) from the Cave Site of Kobaederra, Northern Spain. 
Unpublished report: University of York. 
 
Gutiérrez-Zugasti, I., Andersen, S. H., Araújo, A. C., Dupont, C., Milner, N., & Monge-
Soares, A. M. (2011). Shell midden research in Atlantic Europe: State of the art, 
research problems and perspectives for the future. Quaternary International, 239, 70-
85.  
 
Hallgren, F. (2004). The introduction of ceramic technology around the Baltic sea in the 
6th millennium. In H. Knutsson (Ed.), Coast to Coast – Arrival. Results and 
Reflections. Proceedings of the final coast to coast conference 1–5 October 2002 in 
Falköbing, Sweden. (pp. 123-142). Uppsala: Wikströms. 
 
Hansel, F. A., Copley, M. S., Madureira, L. A. S., & Evershed, R. P. (2004). Thermally 
produced omega-(o-alkylphenyl)alkanoic acids provide evidence for the processing of 
marine products in archaeological pottery vessels. Tetrahedron Letters, 45, 2999–3002. 
 
  
224 
Hansen, T., Burmeister, A., & Sommer, U., (2009). Simultaneous δ15N, δ13C and δ34S 
Measurements of Low biomass Samples Using a Technically Advanced High 
Sensitivity Elemental Analyzer Connected to an Isotope Ratio Mass Spectrometer. 
Rapid Communications in Mass Spectrometry, 23, 3387–3393. 
 
Härkönen, T. (1986). Guide to the otoliths of the bony fishes of the Northeast Atlantic. 
Hellerup: Danbiu ApS Biological Consultants.  
 
Harrod, C., Grey, J., McCarthy, T. K., & Morrissey, M. (2005). Stable isotope analyses 
provide new insights into ecological plasticity in a mixohaline population of European 
eel. Oecologia, 144, 673–683.  
 
Hartz, S. (2004). Aktuelle Forschungen zur Chronologie und Siedlungsweise der 
Ertebølle Kultur und frühesten Trichterbecherkultur in Schleswig-Holstein. Jahrbuch 
Bodendenkmalpflege in Mecklenburg-Vorpommern, 52, 61-82. 
 
Hartz, S., & Lübke, H. (2006). New evidence for a chronostratigraphic division of the 
Ertebølle Culture and the earliest funnel beaker culture on the Southern Mecklenburg 
Bay. In C.-J. Kind (Ed.), After the ice age. Settlement, subsistence and social 
development in the Mesolithic of Central Europe. (pp. 59-74). Stuttgard: Konrad Theiss 
Verlag.  
 
Hartz, S., Lübke, H., & Terberger, T. (2007). From fish and seal to sheep and cattle: 
New research into the process of Neolithisation in northern Germany. Proceedings of 
the British Academy, 144, 567-594. 
 
Haskin, C. L., Milam, S. B., & Cameron, I. L. (1995). Pathogenesis of Degenerative 
Joint Disease in the Human Temporomandibular Joint. Critical Reviews in Oral Biology 
and Medicine, 6(3), 248-277. 
 
Hedges, R. E. M. (2004). Isotopes and red herrings: comments on Milner et al. and 
Lidén et al. Antiquity, 78(229), 34-37.  
 
  
225 
Hedges, R. E. M., & Reynard, L. M. (2007). Nitrogen isotopes and the trophic level of 
humans in archaeology. Journal of Archaeological Science, 34, 1240–1251. 
 
Hedges, R. E. M., Stevens, R. E., & Koch, P. L. (2006). Isotopes in bones and teeth. In 
M. J. Leng (Ed.), Isotopes in Palaeoenvironmental Research. (pp. 117-145). 
Netherlands: Springer.  
 
Hedges, R. E. M., Clement, J. G., Thomas, C. D. L., & O’Connel, T. C. (2007). 
Collagen turnover in the adult femoral mid-shaft: modelled form anthropogenic 
radiocarbon tracer measurements. American Journal of Physical Anthropology, 133(2), 
808–816. 
 
Heier-Nielsen, S., Heinemeier, J., Nielsen, H. L., & Rud, N. (1995). Recent reservoir 
ages for Danish fjords and marine waters. Radiocarbon, 37(3), 875-882. 
 
Heinemeier, J., Nielsen, S. H., & Rud, N. (1993). Danske AMS 14C dateringer, Århus 
1992 (Resumé in English). Arkæologiske Udgravninger i Danmark 1992. (pp. 291-303). 
Copenhagen: Det Arkæologiske Nævn.  
 
Hellewell, E. (2012a). Havnø Shell Midden: Human Bone Report. Unpublished report: 
University of York.    
 
Hellewell, E. (2012b). Preliminary Report on Burial Practices at Havnø Shell Midden. 
Unpublished report: University of York.    
 
Heron, C., & Craig, O. (2011). Pottery use among late foragers and early farmers in the 
Baltic New molecular and isotopic investigations. In S. Hartz, F. Lüth, & Terberger, T 
(Eds.), Early Pottery in the Baltic – Dating, Origin and Social Context. International 
Workshop at Schleswig from 20th to 21st October 2006. (pp. 11-26). Bericht der Römish-
Germanishen Kommission, Band 89, 2008. Frankfurt a. M.: Philipp von Zabern. 
 
Heron, C., & Evershed, R. P. (1993). The analysis of organic residues and the study of 
pottery use. Archaeological Method and Theory, V, 247–86. 
 
  
226 
Heron, C., Evershed, R. P., & Goad, L. J. (1991). Effects of migration of soil lipids on 
organic residues associated with buried potsherds. Journal of Archaeological Science, 
18, 641-59. 
 
Heron, C. P., Craig, O. E., Forster, M., & Stern, B. (2007). Residue analysis of ceramics 
from prehistoric shell middens: initial investigations at Norsminde and Bjørnsholm. In 
N. Milner, O. E. Craig, & G. N. Bailey (Eds.), Shell Middens in Atlantic Europe. 
(pp. 78-85). Oxford: Oxbow.  
 
Heron, C., Steele, V., Andersen, S., Fischer, A., Glykou, A., Hartz, S., Saul, H., & 
Craig, O. (2013). Illuminating the Late Mesolithic: Residue analysis of 'blubber' lamps 
from Northern Europe. Antiquity, 87(335), 178-188. 
 
Heron, C., Craig, O. E., Lucquin, A. J. A., Steele, V. J., Thompson, A., & Piličiauskas, 
G. (2015). Cooking fish and drinking milk? Patterns in pottery use in the southeastern 
Baltic, 3300-2400 cal BC. Journal of Archaeological Science, 63, 33-43.  
 
Heumüller, M. (2009). Der Sckmuck der jungneolithischen Seeufersiedlung Hornstaad-
Hörnle IA im Rahmen des mitteleuropäischen Mittel- und Jungneolithikums. 
Siedlungsarchäologie im Alpenvorland X. Stuttgart: Konrad Theiss.  
 
Heumüller, M. (2012). Schmuck als Zeichen weit gespannter und lang andauernder 
Kommunikationsräme im 5. und frühen 4. Jarhtausend. In R. Gleser, & V. Becker 
(Eds.), Mitteleuropa im 5. Jahrtausend vor Christus. (pp. 359-387). Berlin: Hopf.  
 
House, M. R., & Farrow, G. E. (1968). Daily Growth Banding in the shell of the 
Cockle, Cardium edule. Nature, 219, 1384-1386.  
 
Howland, M. R., Corr, L. T., Young, S. M. M., Jones, V., Jim, S., van der Merwe, N. J., 
Mitchell, A. D., & Evershed, R. P. (2003). Expression  of  the  dietary  isotope  signal  
in  the  compound‐ specific  δ13C  values  of  pig  bone  lipids  and  amino  acids. 
International Journal of Osteoarchaeology, 13, 54-65.  
 
  
227 
Högberg, A., Puseman, K., & Yost, C. (2009). Integration of use-wear with protein 
residue analysis – a study of tool use and function in the south Scandinavian Early 
Neolithic. Journal of Archaeological Science, 36, 1725-1737.  
 
Hufthammer, A. K., Høie, H., Folkvord, A., Geffen, A. J., Andersson, C., & 
Ninnemann, U. S. (2010). Seasonality of human site occupation based on stable oxygen 
isotope ratios of cod otoliths. Journal of Archaeological Science, 37, 78-83. 
  
Hulthén, B. (1977). On ceramic technology during the Scanian Neolithic and Bronze 
age. Stockholm: Akademilitteratur. 
 
Hu, Y., Shang, H., Tong, H., Nehlich, O., Liu, W., Zhao, C., Yu, J., Wang, C., 
Trinkaus, E., & Richards, M. P. (2009). Stable isotope dietary analysis of the Tianyuan 
1 early modern human. Proceedings of the National Academy of Sciences, 106, 10971–
10974. 
 
Isely, F. (1914). Experimental Study of the Growth and Migration of Freshwater 
Mussels. Bureau of Fisheries Document, 792.  
 
Isaksson S. (1997). Chemical analyses of organic residues on pottery from Auve. In E. 
Østmo, B. Hulthén, S. Isaksson, A. K. Hufthammer, R. Sørensen, S. Bakkevig, & M. S. 
Thomson (Eds.), Auve Bind II. Tekniske og Naturvitenskapelige Undersøkelse 73. 
Norske Oldfunn XVII. (pp. 27-42). Oslo: Universitetets Oldsaksamling.  
 
Iversen, J. (1973). The Development of Denmark’s Nature since the Last Glacial. 
Danmarks Geologiske Undersøgelse, V, Raekke Nr, 7-C, København. 
 
Jarman, M. R., Bailey, G. N., & Jarman, H. N. (1982). Early European Agriculture. Its 
Foundation and Development. Cambridge: Cambridge University Press.  
 
Jay, M., Montgomery, J., Nehlich, O., Towers, J., & Evans, J. (2013). British Iron Age 
chariot burials of the Arras culture: a multi-isotope approach to investigating mobility 
levels and subsistence practices. World Archaeology, 45, 473-491. 
 
  
228 
Jensen, F. & Olsen, S. (1989). Ålen. Natur og Museum, 28(3). Århus: Naturhistorisk 
Museum.    
 
Jensen, H. J. (1996). TRB Sickles and Early Danish Agriculture: A View from the 
Microscope. Poročilo oraziskovanju paleolitika, neolitika in eneolitika v Sloveniji 
XXIII, Ljubljana, 1996, 129-153. 
 
Jensen, J. (1982). The Prehistory of Denmark. London: Methuen.  
 
Jensen, O. L. (2001). Kongemose- og Ertebøllekultur ved den fossile Nivåfjord. In O. L. 
Jensen, S. A. Sørensen, & K. M. Hansen (Eds.), Danmarks Jægerstenalder Status og 
perspektiver. (pp. 115-129). Hørsholm: Hørsholms Egns Museum.  
 
Jennbert, K. (1984). Den Produktiva Gåvan. Tradition og innovation I Syskandinavien 
föromkring 5300 år sedan. Acta Archaeologica Lundensia Series in 4 Nr. 16. 
Bonn/Lund.  
 
Jim, S., Ambrose, S. H., & Evershed, R. P. (2004). Stable carbon isotope evidence for 
differences in the dietary origin of bone cholesterol, collagen and apatite: implications 
for their use in palaeodietary reconstruction. Geochimica et Cosmochimica Acta, 68, 61-
72.  
 
Johansen, K. L. (2006). Settlement and Land Use at the Mesolithic-Neolithic Transition 
in Southern Scandinavia. Journal of Danish Archaeology, 14, 201-223.  
 
Johansson, A. D. (1999). Ertebøllekulturen I sydsjælland. Aarbøger for Nordisk 
Oldkyndighed og Historie, 1999, 7-88. 
 
Johansson, A. D. (2006). Maglemosekulturens fiskepladser i Køng Mose og Barmose, 
Sydsjælland. In B. V. Eriksen (Ed), StenalderstudierL Tidligt mesolitske jægere og 
samlere i Sydskandinavien. Højbjerg: Jysk Arkæologisk Selskab.  
 
Jones, A. K. G. (1982). Bulk-sieving and the recovery of fish remains from urban 
archaeological sites. A. R. Hall, & H. Kenward (Eds.), Environmental Archaeology in 
  
229 
the Urban Context. (pp. 79-85). London: Council for British Archaeology Research 
Report 43. 
 
Jones, A. K. G. (1984). Some effects of the mammalian digestive system on ﬁsh bones. 
In N. Desse-Berset (Ed.), 2nd Fish Osteoarchaeology Meeting. (pp. 61-65). Paris: 
Centre de Recherches Archéologiques, Notes et Monographies Technigues, 16.  
 
Jones, A. K. G. (1986). Fish bone survival in the digestive systems of the pig, dog and 
man: some experiments. In D. C. Brinkhuizen, & A. T. Clason (Eds.), Fish and 
Archaeology; studies in osteometry, taphonomy, seasonality and ﬁshing methods. (pp. 
53–61). Oxford: Archaeopress, British Archaeological Reports International Series 294.  
 
Jones, A. K. G. (1988). Provisional remarks on fish remains from archaeological 
deposits at York. In P. Murphy, & C. French (Eds.), The Exploitation of Wetlands. (pp. 
113-127). Oxford: British Archaeological Reports British Series 186.  
 
Jones, A. K. G. (1999). Walking the cod: an investigation into the relative robustness of 
cod, Gadus morhua, skeletal elements. Internet 
Archaeology, 7, http://dx.doi.org/10.11141/ia.7.10.  
 
Jønsson, B., & Pedersen, L. (1983). Sønderholm: En østsjællansk boplads fra 
Ertebøllekulturen – kendt, glemt og genfundet. Antikvariske Studier, 6, 175-185.  
 
Jordan, P., & Zvelebil, M. (2009) Ceramics Before Farming: The Dispersal of Pottery 
Among Prehistoric Eurasian Hunter-Gatherers. Walnut Creek: Left Coast Press.  
 
Jæger, A. (1998). Blandingsgods. Skalk, 1, 11-14.  
 
Jæger, A. (2000). Agernӕs, en oversvømmet boplads på tørt land. In S. Hvass (Ed.), 
Vor skjulte kulturarv. Arkӕologien under overfladen. (pp. 34-35). København: Til 
Hendes Majestӕt Dronning Margrethe II 16 april 2000.  
 
Kabaciński, J., & Terberger, T. (2011). Pots and pikes at Dąbki 9, Koszalin district 
(Poland) – the early pottery on the Pomeranian Coast. In S. Hartz, F. Lüth, & Terberger, 
  
230 
T (Eds.), Early Pottery in the Baltic – Dating, Origin and Social Context. International 
Workshop at Schleswig from 20th to 21st October 2006. (pp. 361–392). Bericht der 
Römish-Germanishen Kommission, Band 89, 2008. Frankfurt a. M.: Philipp von 
Zabern. 
 
Kaiser, M. J., Attrill, M. J., Jennings, S., Thomas, D. N., Barnes, D. K. A., Brierley, A. 
S., Hiddink, J. G., Kaartokallio, H., Polunin, N. V. C., & Raffaelli, D. G. (2005). 
Marine Ecology. Oxford: Oxford University Press.   
 
Kannegaard, E. (2013). The early Ertebølle ochre graves from the location Nederst in 
eastern Jutland, Denmark: ochre ritual and traditions in personal adornment. In 
Mesolithic burials – Rites, symbols and social organisation of early postglacial 
communities. Landesmuseum für Vorgeschichte Halle (Saale) 18. – 21. September 
2013, (pp. 24). Landesamt für Denkmalpflege und Archäologie Sachsen-Anhalt: 
Landesmuseum für Vorgeschichte.  
 
Katzenberg, M. A., & Krouse, H. R. (1989). Application of stable isotope variation in 
human tissues to problems in identification. Canadian Society of Forensic Science 
Journal, 22, 7–19. 
 
Kaute, P., Schindler, G., & Lübke, H. (2004). Der endmesolithisch/frühneolithische 
Fundplatz Stralsund-Mischwasserspeicher-Zeugnisse früher Bootsbautechnologie an der 
Ostseeküste Mecklenburg-Vorpommerns. Bodendenkmalpflege in Mecklenburg-
Vorpommern, 52, 221–241. 
 
Kjellmark, K. (1903). En stenåldersboplats i Järavallen vid Limhamm. Antikvarisk 
tidskrift för Sverige- Utgiven av Kongl, Vitterhets Historie och Antiqvitets Akademin, 
17, 3. 
 
Klassen, L. (2002). The Ertebølle Culture and Neolithic continental Europe: traces of 
contact and interaction. In A. Fischer, & K. Kristiansen (Eds.), The Neolithisation of 
Denmark. (pp. 321-340). Dorset: J. R. Collis.  
 
Klassen, L. (2004). Jade und kupfer. Højbjerg: Jutland Archaeological Society. 
  
231 
Klinge, M. (1932). De store Lerkar i Stenalderens Affaldsdynger. Naturens verden, 
16(1), 1–18. 
 
Klinge, M. (1934). Stenalderens Affaldsdynger. Hvilke Forhold typer paa, at de store 
Lerkar er blevet anvendt til Saltkogning? Naturens verden, 18(2), 60–70. 
 
Koch, E. (1998). Neolithic Bog Pots from Zealand, Møn, Lolland and Falster. 
Copenhagen: Det Kongelige Nordiske Oldskriftselskab. 
  
Kramer, F. E. (2001). En mesolitisk inlandsboplads i Salptermosen, Nordsjælland – en 
foreløbig meddelelse. In O. L. Jensen, S. Sørensen, & K. M. Hansen (Eds.), Danmarks 
Jægerstenalder – Status og Perspektiver. (pp. 155-160). Hørsholm: Hørsholm Egns 
Museum. 
 
Krause-Kyora, B., Makarewicz, C., Evin, A., Girdland Flink, L., Dobney, K., Larson, 
G., Hartz, S., Schreiber, S., von Carnap-Bornheim, C., von Wurmb-Schwark, N., & 
Nebel, A. (2013). Use of domesticated pigs by Mesolithic hunter-gatherers in 
northwestern Europe. Nature Communications, 4, 2348, doi: 10.1038/ncomms3348.  
 
Krouse, H. R., & Herbert, H. K. (1988). Sulphur and carbon isotope studies of food 
webs. In B. V. Kennedy, & G. M. LeMoine (Eds.), Diet and Subsistence: Current 
Archaeological Perspectives. (pp. 315-322). Calgary: University of Calgary 
Archaeology Association.  
 
Krouse, H. R., Levinson, A. A., Piggott, D., & Ueda, A. (1987). Further stable isotope 
investigations of human urinary stones: comparison with other body elements. Applied 
Geochemistry, 2, 205–11. 
 
Kristiansen, K. (1984). Ideology and material culture: An archaeological perspective. In 
M. Spriggs (Ed.), Marxist perspectives in archaeology. (pp. 72-100). Cambridge: 
Cambridge University Press.  
 
Kristiansen, K. (2002). The Birth of Ecological Archaeology in Denmark. In A. Fischer, 
& K. Kristiansen (Eds.), The Neolithisation of Denmark. (pp. 9-32). Dorset: J. R. Collis. 
  
232 
Kubiak-Martens, L. (1999). The plant food component of the diet at the late Mesolithic 
(Ertebølle) settlement at Tybrind Vig, Denmark. Vegetation history and archaeobotany, 
8, 117-127. 
 
Laurie, E. M. (2007). Cockle Conversations: An investigation of the cockle collection 
practices at two Danish kitchen midden sites. Internet Archaeology, 22, 
http://dx.doi.org/10.11141/ia.22.5.  
 
Laurie, E. M. (2008). Investigation of the Common Cockle. Oxford: Archaeopress, 
British Archaeological Reports International Series 1834. 
 
Leach, B. F., Quinn, C. J., & Lyon, G. L. (1996). A stochastic approach to the 
reconstruction of prehistoric human diet in the Pacific region from bone isotope 
signatures. Tahingu: Records of the Museum of New Zealand Te Papa Tongarewa, 8, 1–
54. 
 
Leakey, C. D. B., Attrill, M. J., Jennings, S., & Fitzsimons, M. F. (2008). Stable 
isotopes in juvenile marine fishes and their invertebrate prey from the Thames Estuary, 
UK, and adjacent coastal regions. Estuarine, Coastal and Shelf Science, 77(3), 513–
522, doi:10.1016/j.ecss.2007.10.007. 
 
Lepiksaar J. (1983). Some words about fish skeletons for fauna-historical 
(archaeozoological) studies in my collection. Osteologia I Pisces. Göteborg: privately 
distributed.  
 
Lepiksaar, J., & Heinrich, D. (1977). Ausgrabungen in Haitabu. Untersuchungen an 
Fischresten aus der frühmittelalterlichen Siedlung in Haitabu. Bericht 10. Neumünster: 
Karl Wachholtz Verlag.   
 
Lee-Thorp, J. A. (2008). On Isotopes and Old Bones. Archaeometry, 50(6), 925-950. 
 
Lidén, K., Eriksson, G., Nordqvist, B., Götherström, A., & Bendixen, E. (2004). The 
wet and the wild followed by the dry and the tame—or did they occur at the same time? 
Diet in Mesolithic—Neolithic southern Sweden. Antiquity, 78(299), 23–33. 
  
233 
Linderholm, A., Jonson, C. H., Svensk, O., & Lidén, K. (2008). Diet and status in 
Birka: stable isotopes and grave goods compared. Antiquity, 82, 446–461. 
 
Linderholm, A., Fornander, E., Eriksson, G., Mörth, C.-M., &  Lidén, K. (2014). 
Increasing Mobility at the Neolithic/Bronze Age Transition-sulphur isotope evidence 
from Öland, Sweden. Internet Archaeology, 37, http://dx.doi.org/10.11141/ia.37.10. 
 
Liversage, D. (1992). Barkær: Long barrows and settlements. ArkJæologiske Studier 
IX. Copenhagen: Akademisk Forlag.  
 
Ljungar, L. (1996). Littorinahavets Fuglefauna. Unpublished MSc Dissertation: 
University of Copenhagen.  
 
Longin, R. (1971). New method of collagen extraction for radiocarbon dating. Nature, 
230, 241–242. 
 
Lotz, P. (2000). Tudsehage – en sjӕllandsk undervandsboplads. Marinarkӕologisk 
Nyhedsbrev fra Roskilde, 14, Juni 2000, 8-12.  
 
Louwe Kooijmans, L. P. (2010). The ceramisation of the Low Countries, seen as the 
result of gender-specific processes of communication. In B. Vanmontfort, L. Louwe 
Koojimans, L. Amkreutz, & L. Verhart (Eds.), Pots, Farmers and Foragers: Pottery 
traditions and social interaction in the earliest Neolithic of the Lower Rhine Area. (pp. 
27-40). Archaeological Studies Leiden University 20: Leiden University Press. 
 
Lubell, D., Jackes, M., Schwarcz, H., Knyf, M., & Meiklejohn, C. (1994). The 
Mesolithic–Neolithic transition in Portugal: isotopic and dental evidence of diet. 
Journal of Archaeological Science, 21, 201–216. 
 
Lund Hansen, U., Vagn Nielsen, O., & Alexandersen, V. A. (1972). A Mesolithic grave 
from Melby in Zealand. Acta Archaeologica, 43, 239-249.  
 
Loveland, P. M., & Laver, M. L. (1972). Monocarboxylic and dicarboxylic acids from 
Pseudotsuga Menziesii Bark. Phytochemistry, 11, 430-432. 
  
234 
Macko, S. A., Engel, M. H., Andrusevich, V., Lubec, G., O’ Connell, T. C., & Hedges, 
R. E. M. (1999). Documenting the diet in ancient human populations through stable 
isotope analysis of hair. Philosophical Transactions of the Royal Society of London, 
(Series B), 354, 65–76. 
 
Madsen, T. (1979). Long Barrows and Timber Structures: Aspects of the Early 
Neolithic Mortuary Practice in Denmark. Proceedings of the Prehistoric Society, 45, 
301-320.  
 
Madsen, T. (1993). Barrows with Timber-Built Structures. In S. Hvass, & B. Storgaard 
(Eds.), Digging into the past: 25 years of archaeology in Denmark. (pp. 96-99). Århus: 
Århus University Press.   
 
Madsen, A. P., Müller, S., Neergaard, C., Petersen, C. G. J., Rostrup, E., Steenstrup, K. 
J. V., & Winge, H. (1900). Affaldsdynger fra Stenalderen i Danmark: Undersøgte for 
Nationalmuseet. Copenhagen: C A Reitzel. 
 
Maitland, P. S., & Linsell, K. (2009). Guide to freshwater fish of Britain and Europe. 
London: Philip’s.  
 
Malainey, M. E., Przybylski, R., & Sherriff, B. L. (2001). One person’s food: How and 
why fish avoidance may affect the settlement and subsistence patterns of hunter-
gatherers. American Antiquity, 66(1), 141-161. 
 
Malmros, C. (1976). Vejlebro-en stenalderboplads ved Arrefjorden. Nationalmuseets 
Arbejdsmark, 1975, 99-117.  
 
Mannino, M. A., & Thomas, K. D. (2001). Intensive Mesolithic exploitation of coastal 
resources? Evidence from a shell deposit on the Isle of Portland (Southern England) for 
the impact of human foraging on populations of intertidal rocky shore molluscs. Journal 
of Archaeological Science, 28, 740 1101-1114. 
 
  
235 
Mannino, M. A., & Thomas, K. D. (2002). Depletion of a resource? The impact of 
prehistoric human foraging on intertidal mollusk communities and its significance for 
human settlement, mobility, and dispersal. World Archaeology, 33, 452–474. 
 
Marean, C. W., Domínguez-Rodrigo, M., & Pickering, T. R. (2004). Skeletal element 
equifinality in zooarchaeology begins with method: The evolution and status of the 
“shaft critique”. Journal of Taphonomy, 2, 69-98. 
 
Mathiassen, T. (1935). Blubber lamps in the Ertebølle culture? Acta Archaeologica, 6, 
139–152. 
 
Mathiassen, T. (1937). Gudenåkulturen. En mesolitisk Inlandsbebyggelse i Jylland. 
Aarbøgerfor Nordisk Oldkyndighed og Historie, 1937, 1-186. 
 
Mathiassen, T. (1943). Stenalderbopladser i Aamosen. Nordiske Fortidsminder, III, 3, 
København 1943.  
 
Mathiassen, T. (1948). Danske Oldsager I. Ældre Stenalder. København.  
 
Mathiassen, T., Degerbøl, M., & Troels-Smith, J. (1942). Dyrholmen: En 
Stendalderboplads paa Djursland. København: Det Kongelige Danske Videnskabernes 
Selskab.  
 
Mathiassen, T., Troels-Smith, J., & Degerbøl, M. (1943). Stenalderbopladser i 
Aamosen. Nordiske Fortidsminder III, 3, 1-231. København: Det Kongelige Nordiske 
Oldskriftsselskab.  
 
Matsui, A., Ishiguro, N., Hongo, H., & Minagawa, M. (2005). Wild pig? Or 
domesticated boar? An archaeological view on the domestication of Sus scrofa in Japan. 
In J.-D. Vigne, J. Peters, & D. Helmer (Eds.), The first steps of animal domestication: 
New archaeological approaches, (Proceedings of the 9th ICAZ conference, Durham). 
(pp. 148–159). Oxford: Oxbow Books. 
 
  
236 
Meiklejohn, C., & Zvelebil, M. (1991). Health status of European populations at the 
agricultural transition and the implications for the adoption of farming. In H. Bush, & 
M. Zvelebil (Eds.), Health in past societies: Biocultural interpretations of human 
skeletal remains in archaeological contexts. (pp. 129-145). Oxford: Archaeopress, 
British Archaeological Reports International Series 567. 
 
Meiklejohn, C., Brinch Petersen, E., & Alexandersen, V. (1998). The Later Mesolithic 
population of Sjælland, Denamrk and the Neolithic transition. In M. Zvelebil, R. 
Dennell, & L. Domańska (Eds.), Harvesting the sea, farming the forest. (pp. 203-212). 
Sheffield: Sheffield University Press.  
 
Meiklejohn, C., Merrett, D. C., Nolan, R. W., Richards, M. P., & Mellars, P. (2005). 
Spatial Relationships, Dating and Taphonomy of the Human Bone from the Mesolithic 
site of Cnoc Coig, Oronsay, Argyll, Scotland. Proceedings of the Prehistoric Society, 
71, 85-105. 
 
Mellars, P. A. (1978). Excavation and Economic Analysis of Mesolithic Shell Middens 
on the Island of Oronsay (Inner Hebrides). In P. Mellars (Ed.), The Early Postglacial 
Settlement of Northern Europe: An Ecological Perspective. (pp. 371-396). London: 
Duckworth.       
 
Mellars, P. A., Wilkinson, M. R., & Fieller, N. R. J. (1980). Fish Otoliths as Indicators 
of Seasonality in Prehistoric Shell Middens: the Evidence from Oronsay (Inner 
Hebrides). Proceedings of the Prehistoric Society, 46, 9-18.  
 
Mézes, M., & Bartosiewickz, L. (1994). Fish bone preservation and fat content. Offa, 
51, 361-364.  
 
McArdle, M., Liss, N. P., & Dennis, P. (1998). An isotopic study of atmospheric 
sulphur at three sites in Wales and at Mace Head, Eire. Journal of Geophysical 
Research Atmospheres, 103, 31079-31094. 
 
Milner, N. (1999). Pitfalls and problems in analysing and interpreting the seasonality of 
faunal remains. Archaeological Review from Cambridge, 16(1), 51-67. 
  
237 
Milner, N. (2001a). Seasonality Studies and Palaeoenvironmental Analysis of Oysters 
from the Danish Kitchen Midden of Krabbesholm. Unpublished report: University of 
Newcastle. 
 
Milner, N. (2001b). At the cutting edge: using thin sectioning to determine season of 
death of the European Oyster, Ostrea edulis. Journal of Archaeological Science, 28(8), 
861-873. 
 
Milner, N. (2002a) Incremental growth of the European Oyster, Ostrea edulis: 
seasonality information from Danish kitchenmiddens. Oxford: Archaeopress British 
Archaeological Reports International Series 1057. 
 
Milner, N. (2002b). Oysters, cockles and kitchenmiddens: Consuming shellfish on 
Danish middens. In P. T. Miracle, & N. Milner (Eds.), Consuming Patterns and 
Patterns of Consumption. (pp. 89-96). Cambridge: McDonald Institute for 
Archaeological Research.  
 
Milner, N. (2005). Seasonal consumption practices in the Mesolithic: Economic, 
Environmental, Social or Ritual? In N. Milner, & P. C. Woodman (Eds.), Mesolithic 
Studies at the Beginning of the 21st Century. (pp. 56-67). Oxford: Oxbow Books. 
 
Milner, N. (2012). Destructive events and the impact of climate change on Mesolithic 
coastal archaeology in North West Europe: past, present and future. Journal of Coastal 
Conservation, 16(2), 223-231, 10.1007/s11852-012-0207-2.  
 
Milner, N. (2009). Mesolithic middens and marine molluscs: procurement and 
consumption of shellfish at the site of Sand. Scottish Archaeology Internet Publications, 
31. 
 
Milner, N. (2013). Human impacts on oyster resources at the Mesolithic-Neolithic 
transition in Denmark. In V. D. Thompson, & J. C. Waggoner (Eds.), The Archaeology 
and Historical Ecology of Small Scale Economies. (pp. 17-40). Gainesville: University 
Press of Florida. 
 
  
238 
Milner, N., & Craig, O. E. (2012). An Corran, Staffin, Skye: a Rockshelter with 
Mesolithic and Later Occupation: Isotope analysis. Scottish Archaeological Internet 
Reports, 51. 
 
Milner, N., & Laurie, E. (2006). Preliminary report on the seasonality of shellfish 
gathering and midden composition for the site of Krabbesholm. Unpublished report: 
University of York. 
 
Milner, N., & Laurie, E. (2009). Coastal perspectives on the Mesolithic-Neolithic 
transition. In S. McCartan, R. Schulting, G. Warren, & P. Woodman (Eds.), Mesolithic 
Horizons Volume I: Papers presented at the Seventh International Conference on the 
Mesolithic in Europe, Belfast 2005. (pp. 134-139). Oxford: Oxbow Books. 
 
Milner, N., Craig, O. E., Pedersen, K., Bailey, G., & Andersen, S. H. (2004). Something 
fishy in the Neolithic? A re-evaluation of stable isotope analysis of Mesolithic and 
Neolithic coastal populations. Antiquity, 78(299), 9-22. 
 
Milner, N., Craig, O. E., Bailey, G. N., & Andersen, S. H. (2006). Touch not the fish: 
the Mesolithic-Neolithic change of diet and its significance - A response to Richards 
and Schulting. Antiquity, 80(308), 456-458. 
 
Minagawa, M., Matsui, A., & Ishiguro, N. (2005). Patterns of prehistoric boar Sus 
scrofa domestication, and inter-islands pig trading across the East China Sea, as 
determined by carbon and nitrogen isotope analysis. Chemical Geology, 218, 91–102. 
 
Montgomery, J., Beaumont, J., Jay, M., Keefe, K., Gledhill, A. R., Cook, G. T., 
Dockrill, S. J., & Melton, N. D. (2013). Strategic and sporadic marine consumption at 
the onset of the Neolithic: increasing temporal resolution in the isotope evidence. 
Antiquity, 87, 1060-1072.  
 
Morales, A., & Rosenlund, K. (1979). Fish bone Measurements: an attempt to 
standardize the measuring of fish bones from archaeological sites. Københaven: 
Zoologisk Museum.  
 
  
239 
Morgan, E. D., Titus, L., Small, R. J., & Edwards, C. (1984). Gas chromatographic 
analysis of fatty material from a Thule midden. Archaeometry, 26, 43–8. 
 
Morton, J. D., & Schwarcz, H. P. (2004). Palaeodietary implications from stable 
isotopic analysis of residues on prehistoric Ontario ceramics. Journal of Archaeological 
Science, 31, 503–17. 
 
Møhl, U. (1961). Oversigt over dyreknogler fra Nӕsholm. In V. la Cour (Ed.), 
Nӕsholm. København: Nationalmuseet.  
 
Møhl, U. (1971). Oversigt over dyreknoglerne fra Ølby Lyng. En Østsjællandsk 
kystboplads med Ertebøllekultur. Aarbøger for nordisk Oldkyndighed og Historie, 
1971, 43-77. 
 
Møhl, U. (1975). Die Ältesten Haustierspuren in Dänemark Knochenfunde aus dem 
Frühen Neolithikum auf Langeland. In J. Skaarup (Ed.), Stengade: Ein Langeländischer 
Wohnplatz mit Hausresten aus der Frühneolithischen Zeit. (pp. 207-210). Rudkøbing: 
Langelands Museum. 
 
Muus, B. J., & Dahlstrøm, P. (1964). Havfisk og fiskeri I Nordvesteuropa. København: 
G. E. C. Gads Forlag. 
 
Müller, S. (1988). Ordning af Danmarks Oldsager. I. Sten- og Bronzealdereren. Paris, 
København, London, Leipzig.  
 
Myrhøj, H. M., & Willemoes, A. (1997). Strandingsgods fra ældre stenalder. In L. 
Pedersen, A. Fischer, & B. Aaby (Eds.), The Danish Storebælt since the Ice Age – man, 
sea and forest. (pp. 157-166). Copenhagen: A/S Storebælt Fixed Link in co-operation 
with Kalundborg Regional Museum, the National Forest and Nature Agency the 
Ministry of Environment and Energy, and the National Museum of Denmark. 
 
Nakamura, T., Taniguchi, Y., Tsuji, S., & Oda, H. (2001). Radiocarbon dating of 
charred residues on the earliest pottery in Japan. Radiocarbon, 43(2B), 1129-1138. 
 
  
240 
Needham, S., & Evans, J. (1987). Honey and dripping: Neolithic food residues from 
Runnymede Bridge. Oxford Journal of Archaeology, 6, 21-28. 
 
Nehlich, O., & Richards, M. P. (2009). Establishing collagen quality criteria for sulphur 
isotope analysis of archaeological bone collagen. Archaeological and Anthropological 
Sciences, 1, 59–75. 
 
Nehlich, O., Borić, D., Stefanović, S., & Richards, M. P. (2010). Sulphur isotope 
evidence for freshwater fish consumption: a case study from the Danube Gorges, SE 
Europe. Journal of Archaeological Science, 37, 1131-1139. 
 
Nehlich, O., Fuller, B. T., Marquez-Grant, N., & Richards, M. P. (2012). Investigation 
of diachronic dietary patterns on the island of Ibiza and Formentera, Spain: evidence 
from sulfur stable isotope ratio analysis. American Journal of Physical Anthropology, 
149, 115-24. 
 
Nehlich O., Barrett J. H., & Richards M. P. (2013). Spatial variability in sulphur isotope 
values of archaeological and modern cod (Gadus morhua). Rapid Communications in 
Mass Spectrometry, 27(20), 2255-2262. 
 
Newell, R. R. (1984). On the Mesolithic contribution to the social evolution of western 
European society. In J. Bintliff (Ed.), European social evolution: Archaeological 
perspectives. (pp. 69-82). Bradford: University of Bradford.  
 
Newell, R. R., Constandse-Westermann, T. S., & Meiklejohn, C. (1979). The skeletal 
remains of Mesolithic man in western Europe: An evaluative catalogue. Journal of 
Human Evolution, 8(1), 1-228.  
 
Nicholson, R. A. (1992). An assessment of the value of density measurements to 
archaeological fish bone studies. International Journal of Osteoarchaeology, 2(2), 139-
154. 
 
  
241 
Nicholson, R. A. (1993). Investigation into the effects on fish bone of passage through 
the human gut: some experiments and comparisons with archaeological 
material. Circaea, 10(1), 1992-1993, 38-51.  
 
Nicholson, R. A. (1995). Out of the frying pan into the fire: what value are burnt fish 
bones to archaeology? Archaeofauna, 4, 47-64. 
 
Nicholson, R. A. (1996). Bone degradation, burial medium and species representation: 
debunking the myths, an experiment-based approach. Journal of Archaeological 
Science, 23, 513-533. 
 
Nicholson, R. A. (2000). Otter (Lutra lutra L.) spraint: an investigation into possible 
sources of small ﬁsh bones at coastal archaeological sites. In J. P. Huntley, & S. 
Stallibrass (Eds.), Taphonomy and Interpretation. (pp. 55–64). Oxford: Oxbow Books.   
 
Nicholson, R. (2014). Fish. In P. Baker, & F. Worley (Eds.), Animal Bones and 
Archaeology, Guidelines for best practice. (pp. 39-41). Swindon: English Heritage.  
 
Nielsen, A. B., & Christensen, C. (1999). Yderhede. Geobotnisk undersøgelse på 
Ertebølleplads på Skagens Odde. Vegetationsudvikling og strandlinier. NNU rapport, 
53.  
 
Nielsen, B. H. (1997). The First Farmers on Sprogø. In L. Pedersen, A. Fischer, & B. 
Aaby (Eds.), The Danish Storebælt since the Ice Age – man, sea and forest. (pp. 228-
244). Copenhagen: A/S Storebælt Fixed Link in co-operation with Kalundborg 
Regional Museum, the National Forest and Nature Agency the Ministry of Environment 
and Energy, and the National Museum of Denmark.  
 
Nielsen, E. (1986). Ertebølle and Funnel Beaker pots as tools. On traces of production 
techniques and use. Acta Archaeologica, 57, 107-120.  
 
Nielsen, E. S. (1938). De danske farvandes hydrografi i Litorinatiden. Meddelelser fra 
Dansk Geologisk Forening, 9, 337-350.  
 
  
242 
Nielsen, N. (2007a). Land snails and shell middens: A new approach in Danish 
archaeological research. Unpublished report: University of Reading. 
 
Nielsen, N. (2007b). Land snails and shell middens: A new approach in Danish 
archaeological research. In N. Milner, O. E. Craig, & G. N. Bailey (Eds.), Shell 
Middens in Atlantic Europe. (pp. 70-77). Oxford: Oxbow Books.  
 
Nielsen, N. (2008). Marine Molluscs in Danish Stone Age Middens: A case Study on 
Krabbesholm II. In A. Antczak, & R. Cipriani (Eds.), Early Human Impact on 
Megamolluscs. (pp. 157-167). Oxford: British Archaeological Reports International 
Series 1865. 
 
Nielsen, N. H. (2009). Molluscan studies of the Danish Mesolithic-Neolithic shell-
midden Krabbesholm II: new information concerning the marine and terrestrial 
environment. In S. McCartan, R. Schulting, G. Warren, & P. Woodman 
(Eds.), Mesolithic Horizons Volume II: Papers presented at the Seventh International 
Conference on the Mesolithic in Europe, Belfast 2005. (pp. 907). Oxford: Oxbow 
Books. 
 
Nielsen, P. O. (1985). De Første Bønder: Nye Fund fra den Tidligste Tragtbægerkultur 
ved Sigersted. Aarbøgerfor Nordisk Oldkyndighed og Historie, 1985, 96-125. 
 
Nielsen, P. O. (1993). The Neolithic. In S. Hvass, & B. Storgaard (Eds.), Digging into 
the past: 25 years of archaeology in Denmark. (pp. 84-86). Århus: Århus University 
Press.   
 
Nobis, G. (1975). Zur fauna des ellerbekzeitlichen Wohnplatzes Rosenhof in 
Ostholstein I. Schriften des Naturwissmschaftlichen Vereins für Scbleswig-Holstein, 45, 
5-30.  
 
Nobis, G. (1978).  Problems of the early husbandry of domestic animals in northern 
Germany and Denmark. Archaeo-Pbysika, 10, 378-379.  
 
  
243 
Noe-Nygaard, N. (1971). Spurdog spines from prehistoric and early historic Denmark: 
an unexpected raw material for precision tools. Bulletin of the Geological Society of 
Denmark, 21, 18–33. 
 
Noe-Nygaard, N. (1983). The importance of aquatic resources to Mesolithic man at 
inland sites in Denmark. In C. Grigson, & J. Clutton-Brock (Eds.), Animals and 
Archaeology: 2. Shell Middens, Fishes and Birds. (pp. 125-142). Oxford: British 
Archaeological Reports International Series 183. 
 
Noe-Nygaard, N. (1987). Taphonomy in archaeology with special emphasis on man as a 
biasing factor. Journal of Danish Archaeology, 6, 7-62.  
 
Noe-Nygaard, N. (1988). δ13C-values of dog bones reveal the nature of changes in 
man's food resources at the Mesolithic-Neolithic transition, Denmark. Chemical 
Geology, 73, 87–96. 
 
Noe-Nygaard, N. (1995). Ecological, Sedimentary, and Geochemical Evolution of the 
Late-glacial to Postglacial Åmose Lacustrine Basin, Denmark. Oslo: Scandinavian 
University Press.  
 
Noe-Nygaard, N., & Hede, M. U. (2006). The First Appearance of Cattle in Denmark 
Occurred 6000 Years Ago: An Effect of Cultural or Climate and Environmental 
Changes. Geografiska Annaler, Series A, Physical Geography, 88(2), 87-95. 
 
Noe-Nygaard, N., Price, D. T., & Hede, S. U. (2005). Diet of aurochs and early cattle in 
southern Scandinavia: evidence from 15N and 13C stable isotopes. Journal of 
Archaeological Science, 32, 871-885. 
 
Nordmann, V. (1903). Østersens (Ostrea edulis L.) udbredelse i nutiden og fortiden i 
havet omkring Danmark. Meddelelser fra Dansk Geologisk Forening, 9, 45-60.  
 
O'Connor, T. P. (1988). Bones from the General Accident Site, Tanner Row. The 
Archaeology of York, volume 15, The Animal Bone, Fascicule 2.  
 
  
244 
O'Connor, T. P. (2008). The archaeology of animal bones. Stroud: Sutton Publishing. 
 
Oelze, V. M., Koch, J. K., Kupke, K., Nehlich, O., Zäuner, S., Wahl, J., Weise, S. M., 
Rieckhoff, S., & Richards, M. P. (2012). Multi-isotopic analysis reveals individual 
mobility and diet at the Early Iron Age monumental tumulus of Magdalenenberg, 
Germany. American Journal of Physical Anthropology, 148, 406-21. 
 
Orton D. C., Makowiecki D., de Roo T., Johnstone C., Harland J., Jonsson L., Heinrich 
D., Enghoff I. B., Lõugas L., Van Neer W., Ervynck A., Hufthammer A. K., Amundsen 
C., Jones A. K. G., Locker A., Hamilton-Dyer S., Pope P., MacKenzie B. R., Richards 
M., O'Connell T. C., & Barrett J. H. (2011). Stable isotope evidence for late medieval 
(14th-15th C) origins of the eastern Baltic cod (Gadus morhua) fishery. PLoS ONE, 
6(11): e27568. Doi:10.1371/journal.pone.0027568.  
 
Otterstrøm, C. V. (1917). Fisk III. Tværmunde m. m. Danmarks Fauna 20. København: 
Dansk Naturhistorisk Forening.  
 
Paludan-Müller, C. (1978). High Atlantic Food Gathering in North-Western Zealand, 
Ecological Conditions and Spatial Representation. In K. Kristiansen, & C. Paludan-
Müller (Eds.), New Directions in Scandinavian Archaeology. (pp. 120-157). 
Copenhagen: National Museum of Denmark.  
 
Papathanasiou, A. (2003). Stable isotope analysis in Neolithic Greece and possible 
implications on human health. International Journal of Osteoarchaeology, 13, 314–24. 
 
Passi, S., Picardo, M., De Luca, Ch., Nazzaro-Porro, M., Rossi, L., & Rotilio, G. 
(1993). Saturated dicarboxylic acids as products of unsaturated fatty acid oxidation. 
Biochimica et Biophysica Acta e Lipids and Lipid Metabolism, 1168(2), 190-198.  
 
Patrick, M., De Koning, A. J., & Smith, A. B. (1985). Gas liquid chromatographic 
analysis of fatty acids in food residues from ceramics found in the southwestern Cape. 
Archaeometry, 27, 231–36. 
 
  
245 
Payne, S. (1972). Partial recovery and sample bias: the results of some sieving 
experiments. In E. S. Higgs (Ed.), Papers in Economic Prehistory. (pp. 65–81). 
Cambridge.  
 
Pedersen, L. (1995). 7000 years of fishing: stationary fishing structures in the 
Mesolithic and afterwards. In A. Fischer (Ed.), Man and Sea in the Mesolithic. Coastal 
settlement above and below present sea level. (pp. 75-86). Oxford: Oxford Books.  
 
Pedersen, L. (1997). They put fences in the sea. In L. Pedersen, A. Fischer, & B. Aaby 
(Eds.), The Danish Storebælt since the Ice Age – man, sea and forest. (pp. 124-143). 
Copenhagen: A/S Storebælt Fixed Link in co-operation with Kalundborg Regional 
Museum, the National Forest and Nature Agency the Ministry of Environment and 
Energy, and the National Museum of Denmark.  
 
Pedersen, L. (2013). Eelers in Danish waters – interaction between men and their 
environment over 8000 years. In, M.-Y. Daire, C. Dupont, A. Baudry, C. Billard, J.-M. 
Large, L. Lespez, E. Normand, & C. Scarre (Eds.), Ancient Maritime Communities and 
the Relationship between People and Environment along the European Atlantic Coasts. 
(pp. 163-173). Oxford: Archaeopress, British Archaeological Reports International 
Series 2570. 
 
Perlman, S. (1973). Pecten irradians: Growth Patterns: Their Application to 
Archaeological Economic Analysis. Unpublished MA Thesis: University of 
Massachusetts.  
 
Pestle, W. J., Crowley, B. E., & Weirauch, M. T. (2014). Quantifying inter-laboratory 
variability in stable isotope analysis of ancient skeletal remains. PLoS One, 9(7), 
e102844, DOI: 10.1371/journal.pone.0102844.  
 
Persson P. (1997). Kontinuitet mellan senmesolitisk och mellanneolitisk fångstkultur i 
Sydskandinavien. In A. Åkerlund, S. Berg, J. Nordbladh, & J. Taffinder (Eds.), Till 
Gunborg-Arkeologisk Samtal. Archaeological Reports No. 33, 379-388. 
 
  
246 
Persson, P. (1999). Neolitikums början: Undersökningar kringjordbrukets introduktion i 
Nordeuropa. Vol. 1. Uppsala and Göteborg: Kust till kustböcker. 
 
Peters, K. E., Walters, C. C., & Moldowan, J. M. (2007). The Biomarker Guide: Volume 
1, Biomarkers and Isotopes in the Environment and Human History: Biomarkers and 
Isotopes in the Environment and Human History. Cambridge: Cambridge University 
Press.  
 
Peterson, B. J., & Fry, B. (1987). Stables isotopes in ecosystem studies. Annual Review 
of Ecology and Systematics, 18, 293–320. 
 
Petersen, K. S. (1985). The late Quaternary history of Denmark. Journal of Danish 
Archaeology, 4, 7-22.  
 
Petersen, K. S. (1986). The Ertebølle ‘køkkenmødding’ and the Marine Development of 
the Limfjord with Special Regard to the Molluscan Fauna. Journal of Danish 
Archaeology, 5, 77-84. 
 
Petersen, P. V. (1984). Chronological and Regional Variation in the Late Mesolithic of 
Eastern Denmark. Journal of Danish Archaeology, 3, 7-18.  
 
Petersen, P. V. (1996). Fiskeben. Skalk, 1996(1), 16-17.  
 
Phillips, D. L., & Gregg, J. W. (2003). Source partitioning using stable isotopes: coping 
with too many sources. Oecologia, 136, 261-269. 
 
Philippsen, B. (2013). The freshwater reservoir effect in radiocarbon dating. Heritage 
Science, 1, 24.  
 
Philippsen, B., & Meadows, J. (2014). Inland Ertebølle Culture: the importance of 
aquatic resources and the freshwater reservoir effect in radiocarbon dates from pottery 
food crusts. Internet Archaeology, 37, http://dx.doi.org/10.11141/ia.37.9.  
 
  
247 
Philippsen, B., Kjeldsen, H., Hartz, S., Paulsen, H., Clausen, I., & Heinemeier, J. 
(2010). The hardwater effect in AMS 14C dating of food crusts on pottery. Nuclear 
Instruments and Methods in Physics Research Section B: Beam Interactions with 
Materials and Atoms, 268, 995-98, http://dx.doi.org/10.1016/j.nimb.2009.10.082.  
 
Pickard, C., & Bonsall, C. (2004). Deep-sea Fishing in the European Mesolithic: Fact or 
Fantasy? European Journal of Archaeology, 7(3), 273-290.  
 
Pickard, C., & Bonsall, C. (2007). Late Mesolithic coastal fishing practices. In B. 
Hårdh, K. Jennbert, & D. Olausson (Eds.), On The Road: Studies in Honour of Lars 
Larsson. (pp. 176-183). Acta Archaeologica Lundensia 4 (26). Stockholm: Almqvist 
and Wiksell.   
 
Pollard, M., & Heron, C. (2008). Archaeological Chemistry. 2nd Edition. Cambridge: 
The Royal Society of Chemistry. 
 
Poulson, E. M. (1979). Havbundens fisk. In A. Nørrevang, & J. Lundø (Eds.), 
Danmarks Natur 3. (pp. 220-299). København: Havet.  
 
Povlsen, K. (2014). The introduction of ceramics in the Ertebølle culture. Danish 
Journal of Archaeology, 2(2), 146-163.  
 
Prangsgaard, K. (1992). Introduktion af keramik i den yngre ertebøllekultur i 
sydskandinavien. In M. B. Henriksen, J. Martens, & A. Tubæk Naamansen (Eds.), Lag. 
(pp. 29–52). Højbjerg: Kulturlaget.  
 
Prangsgaard, K. (2008). Fiskegærde fra senneolitikum i Slivsø. Arkæologi i Slesvig, 
Archäologie in Schleswig, 12, 31-38. 
 
Price, T. D. (1985). Affluent Foragers of Mesolithic Southern Scandinavia. In T. D. 
Price, & J. A. Brown (Eds.), Prehistoric Hunter-Gatherers. The Emergence of Cultural 
Complexity. (pp. 341-363). London: Academic Press.  
 
  
248 
Price, T. D. (1996). The first farmers of southern Scandinavia. In D. Harris (Ed.), The 
Origins and Spread of Agriculture and Pastoralism in Eurasia. (pp. 346-362). London: 
UCL Press.  
 
Price, T. D. (2009). The Mesolithic-Neolithic transition seen from Southern 
Scandinavia. Paper presented at The Prehistoric Society Europa day-conference. The 
Pleasure of Finding Things Out: Searching for the Mesolithic. Saturday, May 30, 2009.   
 
Price, T. D., & Gebauer, A. B. (2005). Smakkerup Huse: A Late Mesolithic Coastal Site 
in Northwest Zealand, Denmark. Aarhus: Aarhus University Press. 
 
Price, T. D., & Noe-Nygaard, N. (2009). Early Domestic Cattle in Southern Scandinavia 
and the Spread of the Neolithic in Europe. In N. Finlay, S. McCartan, N. Milner, & C. 
Wickham-Jones (Eds.), From Bann flakes to Bushmills. Papers in honour of Professor 
Peter Woodman. (pp. 198-210). Prehistoric Society Research Paper, No. 1. Oxford: 
Oxbow Books.  
 
Price, T.D., Gebauer, A. B., & Keeley, L. H. (1995). The Spread of Farming into 
Europe North of the Alps. In T. D. Price, & A. B. Gebauer (Eds.), Last Hunters-First 
Farmers: New Perspectives on the Prehistoric on the Prehistoric Transition to 
Agriculture. (pp. 95-126). Santa Fe: School of American Research Press.  
 
Price, T. D., Ambrose, S. H., Bennike, P., Heinemeier, J., Noe-Nygaard, N., Petersen, 
E. B., Petersen, P. V., & Richards, M. P. (2007). New information on the Stone Age 
graves at Dragsholm, Denmark. Acta Archaeologica, 78(2), 193-219.  
 
Price, T. D., Gebauer, A. B., Hede, S. U., Larsen, C. S., Noe-Nygaard, N., Mason, S. L. 
R., Nielsen, J., & Perry, D. (2001). Smakkerup Huse: A Mesolithic Settlement in NW 
Zealand, Denmark. Journal of Field Archaeology, 28, 45-67.  
 
Privat, K. L., O’Connell, T. C., & Hedges, R. E. M. (2007). The distinction between 
freshwater and terrestrial-based diets: methodological concerns and archaeological 
applications of sulphur stable isotope analysis. Journal of Archaeological Science, 34, 
1197–1204. 
  
249 
Radu, V. (2005). Atlas for the Identification of Bony Fish Bones from Archaeological 
Sites. Bucuresti: Editura Contrast.   
 
Rasmussen, K. L., & Rahbek, U. (1993). Danske arkæologiske 14C-dateringer, Kø- 
benhavn 1992. Arkæologiske Udgravninger i Danmark 1992. (pp. 271-290). 
Copenhagen: Det Arkæologiske Nævn.  
 
Rasmussen, K. L., Bjerregaard, P., Gommesen, P. H., & Jensen, O. L. (2009). Arsenic 
in Danish and Swedish Mesolithic and Neolithic human bones – diet of diagenesis? 
Journal of Archaeological Science, 36, 2826-2834.  
 
Rasmussen, L. W. (1993). Pitted Ware settlement. In S. Hvass, & B. Storgaard (Eds.), 
Digging into the past: 25 years of archaeology in Denmark. (pp. 114-116). Århus: 
Århus University Press.   
 
Rasmussen, P., Petersen, K. J., & Ryves, D. B. (2007). Environmental change in Danish 
marine waters during the Roman Warm Period inferred from mollusc data. Geological 
Survey of Denmark and Greenland Bulletin, 13, 21–24.  
 
Raven, A. M., van Bergen, P. F., Stott, A. W., Dudd, S. N., & Evershed, R. P. (1997). 
Formation of long-chain ketones in archaeological pottery vessels by pyrolysis of acyl 
lipids. Journal of Analytical and Applied Pyrolysis, 40–41, 267–285. 
 
Rees, C. E., Jenkins, W. J., & Monster, J. (1978). The sulphur isotopic composition of 
ocean water sulphate. Geochimica et Cosmochimica Acta, 42, 377–381. 
 
Regert, M., Bland, H. A., Dudd, S. N., van Bergen, P. F., & Evershed, R. P. (1998). 
Free and bound fatty acid oxidation products in archaeological ceramic vessels. 
Proceedings of the Royal Society of London B, 265, 2027-2032. 
 
Regnell, M., Gaillard, M. J., Bartholin, T. S., & Karsten, P. (1995). Reconstruction of 
Environment and History of Plant Use During the Late Mesolithic (Ertebølle culture) at 
the inland settlement of Bökeberg III, Southern Sweden. Vegetation History and 
Archaeobotany, 4, 67-91.  
  
250 
Reimer, P. J., Baillie, M. G. L., Bard, E., Bayliss, A., Beck, J. W., Blackwell, P. G., 
Bronk Ramsey, C., Buck, C. E., Burr, G. S., Edwards, R. L., Friedrich, M., Grootes, P. 
M., Guilderson, T. P., Hajdas, I., Heaton, T. J., Hogg, A. G., Hughen, K. A., Kaiser, K. 
F., Kromer, B., McCormac, F. G., Manning, S. W., Reimer, R. W., Richards, D. A., 
Southon, J. R., Talamo, S., Turney, C. S. M., van der Plicht, J., & Weyhenmeyer, C. E. 
(2009). IntCal09 and Marine09 radiocarbon age calibration curves, 0-50,000 years cal 
BP. Radiocarbon, 51(4), 1111-1150. 
 
Richards, M. P., & Hedges, R. E. M. (1999). A Neolithic revolution? New evidence of 
diet in the British Neolithic. Antiquity, 73, 891–897.   
 
Richards, M. P., & Koch, E. (2001). Neolitisk kost: Analyser af kvælstof-isotopen 15N i 
menneskeskeletter fra yngre stenalder. Aarbøger for nordisk Oldkyndighed og Historie, 
1999, 7-17.  
 
Richards, M. P., & Mellars, P. (1998). Stable isotopes and the seasonality of the 
Oronsay middens. Antiquity, 72(275), 178–84. 
 
Richards, M. P., & Schulting, R. (2006). Against the grain? A response to Milner et al. 
(2004). Antiquity, 80, 444-458.  
 
Richards, M. P., Fuller, B. T., & Hedges, R. E. M. (2001). Sulphur isotopic variation in 
ancient bone collagen from Europe: implications for human palaeodiet, residence 
mobility, and modern pollutant studies. Earth and Planetary Science Letters, 191, 185–
190. 
 
Richards, M. P., Price, T. D., & Koch, E. (2003a). Mesolithic and Neolithic Subsistence 
in Denmark: New Stable Isotope Data. Current Anthropology, 44(2), 288-295. 
 
Richards, M. P., Schulting, R. J., & Hedges, R. E. M. (2003b). Sharp shift in diet at 
onset of Neolithic. Nature, 425, 366. 
 
  
251 
Richardson, C. A., Crisp, D. J., & Runham, N. W. (1979). Tidally Deposited Growth 
Bands in the Shell of the Common Cockle, Cerastoderma edule (L.). Malacologia, 18, 
277-290.  
 
Richter, J. (1986). Evidence for a natural deposition of fish in the Middle Neolithic site, 
Kainsbakke, East Jutland. Journal of Danish Archaeology, 5, 116-124.  
 
Richter, J., & Noe-Nygaard, N. (2003). A Late Mesolithic hunting station at Agernæs, 
Fyn, Denmark. Acta Archaeologica, 74, 1-64.  
 
Rick, T. C. (2011). Weathering the storm: Coastal subsistence and ecological resilience 
on late Holocene Santa Rosa Island, California. Quaternary International, 239(1), 135–
146. 
 
Rieck, F., & Crumlin-Petersen, O. (1988). Både fra Danmarks oldtid. Roskilde.  
 
Ritchie, K. (2010). The Ertebølle Fisheries of Denmark, 5400-4000 B.C. Unpublished 
PhD Thesis: University of Wisconsin, Madison.  
 
Ritchie, K. (in print). Differential Recovery and Regional Differences in the Ertebølle 
Fisheries of Denmark. (To be published in the proceedings following the 8th 
International Conference on the Mesolithic in Europe, Santander 2010). 
 
Ritchie, K. C., Gron, K. J., & Price, T. D. (2013a). Flexibility and diversity in 
subsistence during the late Mesolithic: Faunal evidence from Asnæs Havnemark. 
Danish Journal of Archaeology, 2, 1-20.  
 
Ritchie, K., Folkvord, A., & Hufthammer, A. K. (2013b). Oxygen Isotope Ratios in Cod 
Otoliths Used to Reveal Seasonality of Fishing at Late Mesolithic Sites in Denmark. 
Archaeofauna, 22, 95-104. 
 
Robinson, E. N., Jadin, I., & Bosquet, D. (2010). Inter-site Analysis of Armatures from 
Five Linearbandkeramik Settlements in the Hesbaye Region. Notae Praehistoricae, 30, 
111-125.  
  
252 
Robson, H. K. (2010). EELS! Carbon and nitrogen isotope signals in eel bone collagen 
from Mesolithic and Neolithic sites in northern Europe. Unpublished BSc Dissertation: 
University of Bradford.  
 
Robson, H. K. (2011). Overexploitation of the European eel (Anguilla anguilla) at the 
Mesolithic-Neolithic kitchen midden at Havnø, Denmark? Unpublished MA 
Dissertation: University of York.  
 
Robson, H. K., Laurie, E. M., & Milner, N. (2009). An Analysis of the Seasonality of the 
European Oyster (Ostrea edulis (L)) from the Shell Midden of Havnø, Denmark. 
Unpublished report: University of York. 
 
Robson, H., Andersen, S., Craig, O., Fischer, A., Glykou, K., Hartz, S., Lübke, H., 
Schmölcke, U., & Heron, C. (2012). Carbon and nitrogen isotope signals in eel bone 
collagen from Mesolithic and Neolithic sites in northern Europe. Journal of 
Archaeological Sciences, 39(7), 2003-2011.   
 
Robson, H., Andersen, S. H., Craig, O., & Ritchie, K. (2013). Eel fishing in the Late 
Mesolithic and the Early Neolithic: a preliminary report from the stratified kitchen 
midden at Havnø, Denmark. Archaeofauna, 22, 167-178.  
 
Robson, H. K., Andersen, S. H., Clarke, L., Craig, O., Gron, K. J., Jones, A. K. G., 
Karsten, P., Milner, N., Douglas Price, N., Ritchie, K., Zabilska-Kunek, M., & Heron, 
C. (2015). Carbon and nitrogen stable isotope ratios in freshwater, brackish and marine 
fish bone collagen from Mesolithic and Neolithic sites in central and northern Europe. 
Environmental Archaeology, DOI 10.1179/1749631415Y.0000000014. 
 
Rosenlund, K. (1976). Catalogue of Subfossil Danish vertebrates. København: 
Zoologisk Museum.  
 
Rosenlund, K. (1986). The Stingray, Dasyatis pastinaca (L.) in Denmark. In D. C. 
Brinkhuizen, & A. T. Clason (Eds.), Fish and Archaeology; studies in osteometry, 
taphonomy, seasonality and ﬁshing methods. (pp. 123–128). Oxford: Archaeopress 
British Archaeological Reports International Series 294.  
  
253 
Rottländer, R. C. A., & Hartke, I. (1982). New results of food identification by fat 
analysis. In A. Aspinall, & S. E. Warren (Eds.), Proceedings of the 22nd Symposium on 
Archaeometry. (pp. 218-223). Bradford: University of Bradford, Bradford.  
 
Rowley-Conwy, P. A. (1980). Continuity and change in the Prehistoric economies of 
Denmark – 3.700 b.c. to 2.300 b.c.  Unpublished PhD Thesis: University of Cambridge.  
 
Rowley-Conwy, P. (1981). Mesolithic Danish bacon: Permanent and temporary sites in 
the Danish Mesolithic. In A. Sheridan, & G. Bailey (Eds.), Economic archaeology: 
Towards an integration of ecological and social approaches. (pp. 51-55). Oxford: 
Archaeopress British Archaeological Reports International Series 96. 
 
Rowley-Conwy, P. (1983). Sedentary Hunters: The Ertebølle Example. In G. Bailey 
(Ed.), Hunter-Gatherer Economy in Prehistory. A European Perspective. (pp. 111-129). 
Cambridge: Cambridge University Press.  
 
Rowley-Conwy, P. (1984). The Laziness of the Short-distance Hunter. The Origins of 
Agriculture in Western Denmark. Journal of Anthropological Archaeology, 3, 300-324.  
 
Rowley-Conwy, P. (1985a). The Origin of Agriculture in Denmark: A Review of some 
Theories. Journal of Danish Archaeology, 4, 188-195.  
 
Rowley-Conwy, P. (1985b). The Single Grave (Corded Ware) Economy at Kalvø. 
Journal of Danish Archaeology, 4, 79-86. 
 
Rowley-Conwy, P. (1994-1995). Meat, furs and skins: Mesolithic animal bones from 
Ringkloster, a seasonal hunting camp in Jutland. Journal of Danish Archaeology, 12, 
1998, 87-98. 
 
Rowley-Conwy, P. (1995). Wild or Domestic? On the Evidence for the Earliest 
Domestic Cattle and Pigs in South Scandinavia and Iberia. International Journal of 
Osteoarchaeology, 5, 115-126.  
 
  
254 
Rowley-Conwy, P. (2002). The Laziness of the Short-Distance Hunter: the origins of 
agriculture in western Denmark. In A. Fischer, & K. Kristiansen (Eds.), The 
Neolithisation of Denmark: 150 Years of Debate. (pp. 273-287). Sheffield: J. R. Collis 
Publications.   
 
Rowley-Conwy, P. (2004). How the West was Lost: a Reconsideration of Agricultural 
Origins in Britain, Ireland and Southern Scandinavia. Current Anthropology, 45(S4), 
83-113. 
 
Rowley-Conwy, P. (2013). Homes without Houses? Some Comments on an Ertebølle 
Enigma. In G. N. Bailey, K. Hardy, & A. Camara (Eds.), Shell Energy: Mollusc Shells 
as Coastal Resources. (pp. 137-154). Oxbow: Oxbow books.  
 
Rowley-Conwy, P. (2014). Forager and farmers in Mesolithic/Neolithic Europe, 5500-
3900 cal. BC: Beyond the anthropological comfort zone. In W. F. Foulds, H. C. 
Drinkall, A. R. Perri, D. T. G. Clinnick, & J. W. P. Walker (Eds.), Wild Things: Recent 
Advances in Palaeolithic and Mesolithic Research. (pp. 185-201). Oxbow: Oxbow 
books.  
 
Rowley-Conwy, P., & Zeder, M. (2014a). Mesolithic domestic pigs at Rosenhof – or 
wild boar? A critical re-appraisal of ancient DNA and geometric morphometrics. World 
Archaeology, 46(5), 813-824, DOI: 10.1080/ 00438243.2014.953704.  
 
Rowley-Conwy, P., & Zeder, M. (2014b). Wild Boar or Domestic Pigs? Response to 
Evin et al. World Archaeology, 46(5), 835-840, DOI: 10.1080/ 00438243.2014.953712.  
 
Rowley-Conwy, P., Albarella, U., & Dobney, K. (2012). Distinguishing Wild Boar 
from Domestic Pigs in Prehistory: A Review of Approaches and Recent Results. 
Journal of World Prehistory, 25, 1-44. 
 
Russ, H., & A. K. G. Jones. (2011). Fish remains in cave deposits; how did they get 
there? Cave and Karst Science, 38(3), 57-60. 
 
  
255 
Russell, N. J., Bonsall, C., & Sutherland, D. G. (1995). The exploitation of marine 
molluscs in the Mesolithic of western Scotland: evidence from Ulva Cave, Inner 
Hebrides. In A. Fischer (Ed.), Man and Sea in the Mesolithic. Coastal settlement above 
and below present sea level. (pp. 273-288). Oxford: Oxford Books.  
 
Rutte, E. (1962). Schlundzähne von Süsswasserfischen. Palaeontographica Abteilung 
A, 120, 165–212. 
 
Rydbeck, O. (1928). Stenåldershaverts nivåförändringar och Nordens äldsta 
bebyggelse. Lund.  
 
Santos Bento, M. F., Pereira, H., Cunha, M. A., Mountinho, A. M. C., van den Berg, K. 
J., & Boon, J. J. (2001). A study of variability of suberin composition in cork from 
Quercus suber L. using thermally assisted transmethylation GC-MS. Journal of 
Analytical and Applied Pyrolysis, 57, 45-55. 
 
Sarauw, G. F. L. (1903). En stenalders boplads i Maglemose ved Mullerup, 
sammenholdt med beslægtede fund. Aarbøger for Nordiske Oldkyndighed og Historie, 
148-315. København: H. H. Thieles Bogtrykkeri.  
 
Saul, H. (2011). Infusion cuisine: a study of the value of foods in a pottery context 
across the transition to agriculture in the southern Baltic. Unpublished PhD Thesis: 
University of York. 
 
Saul, H., Wilson, J., Heron, C., Glykou, A., Hartz, S., & Craig, O. E. (2012). A 
Systematic Approach to the Recovery and Identification of Starches from Carbonised 
Deposits on Ceramic Vessels. Journal of Archaeological Science, 39(12), 3483–3492.  
 
Saul, H., Madella, M., Fischer, A., Glykou, A., Hartz, S., & Craig, O. 
E. (2013). Phytoliths in Pottery Reveal the Use of Spice in European Prehistoric 
Cuisine. PLoS ONE, 8(8), 1-5.  
 
Saul, H., Glykou, A., & Craig, O. E. (2014). Stewing on a Theme of Cuisine: 
Biomolecular and Interpretive Approaches to Culinary Changes at the Transition to 
  
256 
Agriculture. Proceedings of the British Academy, Proceedings of the British Academy, 
198, 197-213.  
 
Scheu, A., Hartz, S., Schmölcke, U., Tresset, A., Bruger, J., & Bollongion, R. (2008). 
Ancient DNA provides no evidence for independent domestication of cattle in 
Mesolithic Rosenhof, Northern Germany. Journal of Archaeological Science, 35, 1257-
1264.  
 
Schmölcke, U., & Ritchie, K. (2010). A new method in palaeoecology: fish community 
structure indicates environmental changes. International Journal of Earth Sciences, 99, 
1763-1772. 
 
Schmölcke, U., Meadows, J., Ritchie, K., Bērziņš, V., Lübke, H., & Zagorska, I. (2015). 
Neolithic fish remains from the freshwater shell midden Riņņukalns in northern Latvia. 
Environmental Archaeology, DOI: 
http://dx.doi.org/10.1179/1749631415Y.0000000011. 
 
Schoeninger, M. J., DeNiro, M. J., & Tauber, H. (1983). Stable Nitrogen isotope ratios 
of bone collagen reflect marine and terrestrial components of prehistoric human diet. 
Science, 220, 1381-1383. 
 
Schöne, B. R., & Gillikin, D. P. (2013). Unraveling environmental histories from 
skeletal diaries - advances in sclerochronology. Palaeogeography, 
Palaeoclimatology, Palaeoecology, 373, 1-5. 
 
Schulting, R. (2010). Holocene Environmental Change and the Mesolithic-Neolithic 
Transition in North-West Europe: Revisiting Two Models. Environmental Archaeology, 
15(2), 160-172. 
 
Schulting, R. (2011). Mesolithic-Neolithic transitions: an isotopic tour through Europe. 
In R. Pinhasi, & J. Stock (Eds.), The Bioarchaeology of the Transition to Agriculture. 
(pp. 17-41). New York: Wiley-Liss.   
 
  
257 
Schulting, R. J., & Richards, M. P. (2001). Dating women and becoming farmers: new 
palaeodietary and AMS data from the Breton Mesolithic cemeteries of Téviec and 
Hoëdic. Journal of Anthropological Archaeology, 20, 314-344. 
 
Schulting, R. J., & Richards, M. P. (2002). The wet, the wild and the domesticated: the 
Mesolithic–Neolithic transition on the west coast of Scotland. European Journal of 
Archaeology, 5, 147–189.  
 
Schulting, R. J., Sebire, H., & Robb, J. E. (2010). On the road to Paradis: new insights 
from AMS dates and stable isotopes at Le Déhus, Guernsey, and the Channel Islands 
Middle Neolithic. Oxford Journal of Archaeology, 29, 149–173, doi:10.1111/j.1468-
0092.2010.00343.x. 
 
Schwabedissen, H. (1994). Die Ellerbek-Kultur in Schleswig-Holstein und das 
Vordringen des Neolithikums über die Elbe nach Norden. In J. Hoika, & J. Meures-
Balke (Eds.), Beiträge zur frühneolithischen Trichterbecherkultur im westlichen 
Ostseegebiet. (pp. 361-401). Neumünster: Wacholz.  
 
Segeberg, A., Possnert, G., Arrhenius, B., & Lidén, K. (1991). Ceramic chronology in 
view of 14C datings, Laborativ Arkeologi, 5, 83–91. 
 
Serjeantson D. (2011). Review of animal remains from the Neolithic and Early Bronze 
Age of Southern Britain. Research Department Report Series 29. Portsmouth: English 
Heritage.  
 
Shackleton, N. (1973). Oxygen Isotope Analysis as a Means of Determining Season of 
Occupation of Prehistoric Midden Sites. Archaeometry, 15, 133-141.  
 
Simoneit, B. R. T. (2002). Biomass burning - a review of organic tracers for smoke 
from incomplete combustion. Applied Geochemistry, 17, 129-162. 
 
Skaarup, J. (1973). Hesselø-Sølager: Jagtstationen der südskandinavischen 
Trichterbecherkultur. Copenhagen: Akademisk Forlag.  
 
  
258 
Skaarup, J. (1983). Submarine stenalderbopladser I det sydfynske øhav. Antikvariske 
Studier, 6, 137-161. 
 
Skaarup, J. (1995). Hunting the hunters and fishers of the Mesolithic—Twenty years of 
research on the sea floor south of Funen, Denmark. In A. Fischer (Ed.), Man and Sea in 
the Mesolithic. Coastal settlement above and below present sea level. (pp. 397-402). 
Oxford: Oxford Books. 
 
Skaarup, J., & Grøn, O. (2004). Møllegabet II. A submerged Mesolithic settlement in 
southern Denmark. Oxford: Archaeopress British Archaeological Reports International 
Series 1328.  
 
Skriver, C., & Borup, P. (2012). Fjordbundens Skatte. Skalk, 4, 3-7.  
 
Sloan, D. (1993). Sample, site and system: shell midden economies in Scotland 6000–
4000 BP. Unpublished PhD Thesis: University of Cambridge.  
 
Smart, D. J. Q. (2002). Later Mesolithic Fishing Strategies and Practices in Denmark. 
Oxford: Archaeopress British Archaeological Reports International Series 1119.   
 
Smits, E., & van der Plict, H. (2009). Mesolithic and Neolithic human remains in the 
Netherlands: physical anthropological and stable isotope investigations. Journal of 
archaeology in the Low Countries, 1(1), 57-85.  
 
Sørensen, S. A. (1996). Kongemosekulturen i Sydskandinavien. Jægerpris: Egnsmuseet 
Færgegården.  
 
Sørensen, S. A. (2000). Eskilsø NØ. Arkæologiske udgravninger i Danmark, 2000, 4. 
 
Sørensen, S. A. (2005). Fra jæger til bonde. In C. Bunte, B. Berglund, & L. Larsson 
(Eds.), Arkeologi och Naturvetenskap. (pp. 298-309). Lund: Gyllenstiernska 
Krapperupstiftelsen.  
 
  
259 
Stafford, M. (1999). From Forager to Farmer in Flint. A lithic Analysis of the 
Prehistoric Transition to Agriculture in Southern Scandinavia. Aarhus: Aarhus 
University Press.  
 
Stott, A. W., Berstan, R., Evershed, R. P., Bronk-Ramsey, C., Humm, M., & Hedges, R. 
E. M. (2003). Direct dating of archaeological pottery by compound specific 14C analysis 
of preserved lipids. Analytical Chemistry, 75, 5037-5045. 
 
Szpak, P. (2011). Fish bone chemistry and ultrastructure: implications for taphonomy 
and stable isotope analysis. Journal of Archaeological Science, 38, 3358-3372. 
 
Taché, K., & Craig, O. E. (2015). Cooperative harvesting of aquatic resources triggered 
the beginning of pottery production in north-eastern North America. Antiquity, 89(1), 
177-190.  
 
Tauber, H. (1966). Copenhagen Radiocarbon Dates VII. Radiocarbon, 8, 213-234. 
 
Tauber, H. (1971). Danske kulstof-14 dateringer af arkæologiske prøver III. Aarbøger 
for Nordisk Oldkyndighed og Historie, 1971, 120-142. 
 
Tauber, H. (1973). Copenhagen Radiocarbon Dates X. Radiocarbon, 15(1), 86-112.  
 
Tauber, H. (1981). 13C Evidence for Dietary Habits of Prehistoric Man in Denmark. 
Nature, 292, 5821.  
 
Tauber, H. (1983). 14C dating of human beings in relation to dietary habits. PACT, 8, 
365-375.  
 
Tauber, H. (1986). Analysis of stable isotopes in prehistoric populations. In B. 
Herrmann (Ed.), Innovative trends in prehistoric archaeology. (pp. 31-38). Mitteilungen 
der Berliner Gesellschaft für Anthropologie, Ethnologie und Urgeschichte 7. 
 
Tauber, H. (1988). Danske arkæologiske C-14 dateringer 1987. Arkæologiske 
Udgravninger i Danmark 1987. (pp. 227-244). Copenhagen: Det Arkæologiske Nævn.   
  
260 
Tauber, H. (1990). Danske arkæologiske C-14 dateringer, København 1989. 
Arkæologiske Udgravninger i Danmark 1989. (pp. 225-240). Copenhagen: Det 
Arkæologiske Nævn.  
 
Tauber, H. (1993). Dating methods. In S. Hvass, & B. Storgaard (Eds.), Digging into 
the past: 25 years of archaeology in Denmark. (pp. 40-43). Århus: Århus University 
Press.   
 
Terberger, T., Hartz, S., & Kabacinski, J. (2009). Late Hunter-Gatherer and Early 
Farmer Contacts in the Southern Baltic – a discussion. In H. Glørstad, & C. Prescott 
(Eds.), Neolithisation as if History Mattered. Process of Neolithisation in North-
Western Europe. (pp. 257-297). Lindome: Bricoleur.  
 
Tesch, F.-W. (2003). The eel. Fifth edition 2003; translated from the German third 
edition. Oxford: Blackwell Publishing. 
 
Thomas, K. D. (2015). Molluscs emergent, Part I: themes and trends in the scientific 
investigation of mollusc shells as resources for archaeological research. Journal of 
Archaeological Science, doi: 10.1016/j.jas.2015.01.024. 
 
Thomsen, T., & Jensen, A. (1906). Brabrand-fundet fra den ældre stenalder. Aarbøger 
for Nordisk Oldkyndighed og Historie, 1906, 1-74. 
 
Tieszen, L. L., & Fagre, T. (1993). Effect of diet quality and composition on the 
isotopic composition of respiratory CO2, bone collagen, bioapatite, and soft tissues. In 
J. B. Lambert, & G. Grupe (Eds.), Prehistoric human bone—archaeology at the 
molecular level. (pp. 121–55). Berlin: Springer-Verlag. 
 
Tilley, C. (1996). An ethnography of the Neolithic: Early prehistoric societies in 
southern Scandinavia. Cambridge: Cambridge University Press.  
 
Timofev, V. I. (1987). On the problem of the early Neolithic of the east Baltic area. 
Acta Archaeologica, 58, 207–212. 
 
  
261 
Timofev, V. I. (1998). The beginning of the Neolithic in the Eastern Baltic. In M. 
Zvelebil, L. Domańska, & R. Dennell (Eds.), Harvesting the Sea, Farming the Forest. 
(pp. 225–236). Sheffield: Sheffield Academic Press.  
 
Troels-Smith, J. (1953). Ertebøllekultur e bondekultur: Resultater af de sidste 10 års 
undersøgelser i Åmosen. Aarbøger for Nordisk Oldkyndighed og Historie, 1953, 5-62. 
 
Troels-Smith, J. (1960). The Muldbjerg Dwelling Place: An Early Neolithic 
Archaeological Site in the Aamosen Bog, west-Zealand, Denmark. The Smithsonian 
Report, 4413, 1959, 577-601. Washington: Smithsonian Institution. 
 
Troels-Smith, J. (1967). The Ertebølle Culture and its Background. Palaeohistoria, 12, 
1966, 505-525.  
 
Troels-Smith, J. (1982). Vegetationshistoriske vidnesbyrd om skovrydninger, planteavl 
og husdyrhold i Europa, specielt Skandinavien. In T. Sjøvold (Ed.), Introduktionen av 
jordbruk i Norden. (pp. 39–62). Oslo: Universitetsforlaget. 
 
Trolle, T. (2013). Human and animal bones from Tybrind Vig: Analysis and material 
from a burial and settlement. In S. H. Andersen (Ed.), Tybrind Vig: Submerged 
Mesolithic settlements in Denmark. (pp. 413-496). Aarhus: Nationalmuseet and 
Moesgård Museum.  
 
Trolle-Lassen, T. (1984). A preliminary report on the archaeological and zoological 
evidence of fish exploitation from a submerged site in Mesolithic Denmark. In N. 
Desse-Berset (Ed.), 2nd Fish Osteoarchaeology Meeting. (pp. 133-144). Paris: Centre 
de Recherches Archéologiques, Notes et Monographies Technigues, 16. 
 
Trolle Jensen, T. Z. (2013). Spearfishing in the Mesolithic and the application of 
Zooarchaeology by Mass Spectrometry (ZooMS) for the taxonomic identification of the 
raw material for southern Scandinavian bone points. Unpublished MSc. Dissertation: 
University of York.  
 
  
262 
Tykot, R. H. (2004). Stable isotopes and diet: You are what you eat. In M. Martini, M. 
Milazzo, & M. Piacentini (Eds.), Physics methods in archaeometry. (pp. 433–444). 
Bologna: Società Italiana di Fisica.  
 
Uldum, O. C. (2011). The Excavation of a Mesolithic Double Burial from Tybrind Vig. 
In J. Benjamin, C. Bonsall, C. Pickard, & A. Fischer (Eds.), Underwater archaeology 
and the submerged prehistory of Europe. (pp. 15-20). Oxford: Oxbow books. 
 
Van Berg, P.-L., & Cauwe, N. (1998). The early pottery in Northern Asia: relations with 
the European Peninsula. In A. P. Derevjakho (Ed.), Paleoekoloija pleistozena I kultury 
kamennovo veka severnoj azii I sopredelnych terriorij. Materily mezdunarodhovo 
simpoziuma. (pp. 464–475). Novosibirsk: Institute of Archaeology and Ethnography. 
 
Van Diest, H. (1981). Zur frage der ‘lampen’ nach den ausgrabungsfunden von 
Rosenhof (Ostholstein). Archaölogisches Korrespondenzblatt, 11, 301–314. 
 
van Klinken, G. J. (1999). Bone collagen quality indicators for palaeodietary and 
radiocarbon measurements. Journal of Archaeological Science, 26, 687-695. 
 
Vanmontfort, B. (2008). A Southern View on North-south Interaction during the 
Mesolithic-Neolithic Transition in the Lower Rhine Area. In H. Fokkens, B. Coles, A. 
L. van Gijn, J. P. Kleijne, H. H. Ponjee, & C. G. Slappendel (Eds.), Between Foraging 
and Farming. (pp. 85-97). Analecta Praehistorica Leidensia 40. Leiden: Leiden 
University.  
 
Verhart, L. (2012). Contact in Stone: Adzes, Keile and Spitzhauen in the Lower Rhine 
Basin. Journal of Archaeology in the Low Countries, 4, 5-35.  
 
Vika, E. (2009). Strangers in the grave? Investigating local provenance in a Greek 
Bronze Age mass burial using δ34S analysis. Journal of Archaeological Science, 36, 
2024-2028. 
 
Vogel, J. C., & van der Merwe, N. J. (1977). Isotopic evidence for early maize 
cultivation in New York State. American Antiquity, 42, 238–242. 
  
263 
Walton, T. J. (1990). Waxes, cutin and suberin. In J. L. Harwood, & J. R. Bowyer 
(Eds.), Methods in Plant Biochemistry: Lipids, Membranes and aspects of 
Photobiology. (pp. 105-158). San Diego: Academic Press.  
 
Warinner, C., Matias Rodrigues, J. F., Vyas, R., Trachsel, C., Shved, N., Grossman, J., 
Radini, A., Hancock, Y., Tito, R. Y., Fiddyment, S., Speller, C., Hendy, J., Charlton, S., 
Luder, H. U., Salazar-García, D. C., Eppler, E., Seiler, R., Hansen, L., Samaniego 
Castruita, J. A., Barkow-Oesterreicher, S., Teoh, K. Y., Kelstruo, C., Olsen, J. V., 
Nanni, P., Kawai, T., Willerslev, E., Von Mering, C., Lewis, C. M., Collins, M. J., 
Gilbert, M. T. P., Rühli, F., & Cappellini, E. (2014a). Pathogens and host immunity in 
the ancient human oral cavity. Nature Genetics, 46, 336–344, doi:10.1038/ng.2906. 
 
Warinner, C., Hendy, J., Speller, C., Cappellini, E., Fischer, R., Trachsel, C., Arneborg, 
J., Lynnerup, N., Craig, O. E., Swallow, D. M., Fotakis, A., Christensen, R. J., Olsen, J. 
V., Liebert, A., Motalva, N., Fiddyment, S., Charlton, S., Mackie, M., Canci, A., 
Bouwmann, A., Rühli, F., Gilbert, M. T. P., & Collins, M. J. (2014). Direct evidence of 
milk consumption from ancient human dental calculus. Nature Scientific Reports, 4, 
7404. 
 
Waselkov, G. A. (1987). Shellfish Gathering and Shell Midden Archaeology. In M. B. 
Schiffer (Ed.), Advances in Archaeological Method and Theory, 10. (pp. 93-171). 
London: Academic Press. 
 
Webb, E. C., Honch, N. V., Dunn, P. J. H., Eriksson, G., Lidén, K., & Evershed, R. P. 
(2015). Compound-specific amino acid isotopic proxies for detecting freshwater 
resource consumption. Journal of Archaeological Science, 63, 104-114, 
http://dx.doi.org/10.1016/j.jas.2015.08.001. 
 
Westerby, E. (1927). Stenalderbopladser ved Klampenborg. Nogle bidrag til studiet af 
den Mesolitiske periode. København: H. H. Thieles Bogtrykkeri.  
 
Weide, M. (1969). Seasonality at Pismo Clam Collecting at Ora-82. University of 
California at Los Angles Archaeological Survey Annual Report, 1969, 127-141.  
 
  
264 
Weiner, J. (1995). Bogenstab- und Pfeilschaftfragmente aus dem Altneolithischen 
Brunnen von Erkelenz-Kückhoven. Ein Beitrag zur Bogenwaffe der Bandkeramik. 
Archäologisches Korrespondenzblatt, 25, 355-372.  
 
Wheeler, A., & Jones, A. K. G. (2009). Fishes. Second edition 2009. Cambridge: 
Cambridge University Press. 
 
White, T. D., & Folkens, P. A. (2005). The Human Bone Manual, London: Elsevier 
Academic Press. 
 
Whitehead, P. J. P., Bauchot, M. L., Hureau, J. C., Nielsen, J., & Tortonese, E. (1989). 
Fishes of the Northeast Atlantic and Mediterranean. Paris: UNESCO. 
 
Whittle, A. W. R. (1996). Europe in the Neolithic: The creation of new worlds. 
Cambridge: Cambridge University Press. 
 
Winge, H. (1888). Dyrelevninger fra ældre og yngre Stenalders Bopladser. Aarbøger II, 
Række 3. København: Bind.  
 
Winge, H. (1900). Knogler af Dyr. In A. P. Madsen, S. Muller, C. Neergaard, C. G. J. 
Petersen, E. Rostrup, K. J. V. Steenstrup, & H. Winge (Eds.), Affaldsynger fra 
Stenalderen i Danmark. København: Undersogte for Nationalmuseet.  
 
Winge, H. (1903). Oversigt over knoglematerialet fra Mullerup bopladsen. In G. F. L. 
Sarauw (Ed.), En Stenalders boplads I Maglemose ved Mullerup, sammenholdt med 
beslægtede fund. Aarbøger for Nordisk Oldkyndighed og Historie, 194-201.  
 
Winge, H. (1912). Fuglene ved de danske Fyr i 1910. Vidensk. Medd. Bind 63. 
København. 
 
Worsaae, J. J. A. (1859). Bemærkninger om en ny Inddeling af Steen og Broncealderen. 
In Forchhammer, G (Ed.), Oversigt over Det Kgl. Danske Videnskabernes Selskabs 
Forhandlinger Og Dets Medlemmers Arbeider i Aaret 1859. København: Bianco Luno.  
 
  
265 
Worsaae, J. J. A. (1862). Om tvedelingen af steenalderen. København: Bianco Lunos 
Bogtrykkeri. 
 
Wouters, W., Muylaert, L., & Van Neer, W. (2007). The Distinction of Isolated Bones 
from Plaice (Pleuronectes platessa), Flounder (Platichthys flesus), and Dab (Limanda 
limanda): A Description of the Diagnostic Characters. Archaeofauna, 16, 33-95. 
 
Yonge, C. M. (1960). Oysters. London: Collins.  
 
Zapata, L., Milner, N., & Roselló, E. (2007). Pico Ramos cave shell midden: 
Mesolithic-Neolithic transition by the Bay of Biscay. In N. Milner, O. E. Craig, & G. N. 
Bailey (Eds.), Shell Middens in Atlantic Europe. (pp. 150-157). Oxford: Oxbow Books. 
 
Zazzo, A., Monahan, F. J., Moloney, A. P., Green, S., & Schmidt, O. (2011). Sulphur 
isotopes in animal hair track distance to sea. Rapid Communications in Mass 
Spectrometry, 25, 2371-2378.  
 
Zvelebil, M. (1998). What’s in a name: The Mesolithic, the Neolithic and social change 
at the Mesolithic-Neolithic transition. In M. Edmonds, & C. Richards (Eds.), Social life 
and social change: The Neolithic of North Western Europe. (pp. 1-35). London: 
Routledge.  
 
Zvelebil, M. (2006). Mobility, contact, and exchange in the Baltic Sea Basin 6000-2000 
B.C. In W. Lovis, R. Donahue, & R. Whallon (Eds.), Mobility, contact and exchange in 
Mesolithic Europe. Journal of Anthropological Archaeology, 25(2), 178-192.  
 
Zvelebil, M., & Rowley-Conwy, P. (1984). Foragers and Farmers. In M. Zvelebil (Ed.), 
Hunters in Transition. (pp. 67-91). Cambridge: Cambridge University Press.  
 
Zvelebil, M., Dennell, R., & Domanska, L. (1998). Harvesting the Sea, Farming the 
Forest. Sheffield: Sheffield Academic Press.  
 
 
  
266 
Electronic resources 
 
http://www.aabne-
samlinger.dk/femernforbindelsen/femernforbindelsen/nyheder/2015/150423_lyster/ 
 
http://www.aabne-
samlinger.dk/femernforbindelsen/femernforbindelsen(en)/archaeology/excavation-
finds/wood-in-vast-amounts/5,000-year-old-fish-fence/  
 
http://www.calib.qub.ac.uk 
 
http://www.dandebat.dk/dk-historie7.htm  
 
http://www.dandebat.dk/dk-images/200p.jpg 
 
http://www.fishbone.nottingham.ac.uk 
 
http://www.kulturarv.dk/1001fortaellinger/en_GB/soelager/main  
 
http://www.pasthorizonspr.com/index.php/archives/04/2015/ancient-fishing-leister-
found-together-with-its-spearing-point 
 
http://videnskab.dk/miljo-naturvidenskab/sadan-spiser-du-osters-som-en-stenaldermand 
 
http://videnskab.dk/miljo-naturvidenskab/sadan-spiser-du-osters-som-en-
stenaldermand) 
